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SECTION  I 
INTRODUCTION 


A.  OBJECTIVES 

The  objectives  of  this  research  effort  were  (1)  to  develop  documentation 
that  may  be  used  for  Air  Force  certification  of  the  presently  developed 
hypergolic  propellant  vapor  control  foams  for  use  as  fire  suppressants,  and 
(2)  to  identify  the  chemicals  released  into  the  environment  when  foams  are  used 
to  control  hydrazine  fires,  or  when  foam-covered  hydrazine  is  later  disposed  of 
by  burning. 

Appendices  A  through  H  contain  additional  data  and  information. 

B.  BACKGROUND 

Large  quantities  of  hypergolics,  specifically  hyirazine  and  nitrogen 
tetroxide  (N20^),  are  stored  and  used  as  rocket  propellants  in  spare  and 
defense  programs,  such  as  the  Space  Shuttle  and  the  Titan.  Accidental  spills 
of  sizable  quantities  of  these  hazardous  materials  can  occur  during  transport 
on  the  nation's  highways,  as  well  as  during  propellant  handling  operations  at 
the  storage  and  use  facilities.  Vapors  in  parts  per  million  (ppm)  (see  Table  1 
for  conversion  factors)  concentrations  constitute  significant  risks  to  hjtian 
health  (see  Appendix  A,  Safety  Data  Sheets).  Hydrazine  fuels  are  alsi"' 
considered  as  suspect  hjnan  carcinogens  by  tite  American  Conference  of  Govern¬ 
mental  Industrial  Hygienists  (ACGIH).  Spills  involving  these  substances  pose 
the  imiiiediate  threat  of  hunan  exposure  from  propellant  vapor  and  liquid,  and 
the  less  immediate,  but  equally  significant,  threat  of  secondary  contaminat 
of  water  supplies  and  sewers  froiii  the  escaping  liquid  propellant  or  frpn  con- 
tajninated  water  used  in  spill  response.  An  Air  Force  study  to  develop  a  foam 
systan  that  could  effectively  reduce  the  volatilization  of  hydrazines  and  N^O^ 
spills  has  been  completed  recently  (Reference  1).  foams  with  additives  were 
developed  and  tested  with  positive  results  for  hypergolic  vapor  suppression 
even  under  adverse  weather  and  streafm  flowing  conditions.  Field  demonstrations 
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TA&lL  1.  CONVERSION  FACTORS  FOR  U.S.  CUSTOMARY 
TO  METRIC  (SI)  UNITS  OF  MEASUREMENT. 


To  convert  from 

'  ■ 

To 

Multiply  by 

British  thermal 

unit/second  (8tu/s) 

watt  (W) 

1.054  350  X  E  f03 

degree  Fahrenheit  (°F) 

degree  Celsius  (“0 

(t°p-  32)/1.8 

foot  (ft) 

meter  (m) 

3.048  000  X  E  -01 

9.290  304  X  E  -02  j 

ft  /min 

liter/min  (L/inin) 

2.831  684  X  E  +01  j 

ft-^/min/ft-^ 

L/min/m^ 

3.047  999  X  E  +02 

gal /mi n 

L/min 

3.785  412  X  E  00  j 

gal/min/ft'^ 

L/mi n/m^ 

4.074  584  X  E  +01  1 

i nch  (in.) 

m 

2.540  000  X  E  -02  ! 

1 

iniles/hour  (mph) 

km/h 

1.609  344  X  E  00  j 

parts/million  (ppm) 

i"g,T 

l.OOO  000  X  E  00  1 

pound  (1b) 

kg  ! 

4.53S  924  X  E  -01  ‘ 

Ib/in.- 

atmospheres  (atm) 

4.725  000  X  E  -04 

yard  (yd) 

m 

9.144  000  X  E  -01 

Included  scenarios  of  a  propellant  spill  contained  In  a  simulated  diked 
enclosure,  a  running  spill  on  a  concrete  surface,  and  a  spill  occurring  inside 
a  missile  silo.  The  flame-extinguishing  capabilities  of  both  low-  and  high- 
cxpansion  foams  v^re  demonstrated  for  propellant  fuel  fires.  A  major  concern 
during  u  hydra2ine  spill  is  the  spontaneous  ignition  of  the  fuel.  An  effective 
fire  suppressant  is  needed  for  e.mergency  response.  Therefore,  this  program  of 
fire  suppression  testing  of  hypergolic  vapor  control  foams  was  conducted  to 
provide  the  Air  Force  with  valid  and  certified  fire  suppression  agents  for 
hypergolic  propellants.  Hydrazines  are  hygroscopic,  water-soluble  propellants 
which  would  Iw  expected  to  remain  toxic  for  a  long  titne,  be  absorbed  by  the 
ground,  and  require  envi ronmental ly  acceptable  processing.  Four  hydrazines 
(anhydrous,  monomethyl,  unsymmetrical  dimethyl,  and  Aerozine  50)  and  possibly 
N.O,,  fall  in  this  category.  If  water  is  used  to  control  the  vapors  or  to 
control  a  fire,  the  volume  of  the  resulting  aqueous  solution  could  be 
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substantial.  If  contained  as  a  pool,  the  solution  would  contaminate  a  greater 
quantity  of  soil  than  the  hazardous  materials  themselves.  When  faced  with  a 
vast  quantity  of  aqueous  solution  or  contaminated  ground  which  must  be  treated 
or  disposed  of,  the  effort  to  develop  a  foam  was  undertaken  to  reduce  the 
quantity  of  water  used  and  to  reduce  the  containment  volume.  The  spent  foan 
and  waste  hydrazine  must  be  disposed  of  once  the  spill  has  been  controlled  and 
contained.  Rather  than  collect  the  Kiaterial  and  bury  it  in  a  haza'^dous  waste 
landfill,  a  controlled  burning  or  incineration  is  proposed.  Depending  upon 
c ircutiitances,  it  may  be  environmentally  most  practical  to  effect  a  controlled 
burn  in  place.  The  bulk  of  previous  research  has  been  directed  toward  the 
development  of  the  foans  as  solutions  to  controlling  the  spill  hazards.  Verj- 
little  research  has  been  done  to  assess  the  reaction  products  formed  when 
controlling  a  hydrazine  fuel  fire  or  when  incineration  of  the  used  foam  is  a 
'Means  for  its  disposal. 


C.  SCOPE 

The  scope  of  this  effort  encoiipassed  a  complete  series  of  38  fire  tests 
conducted  at  the  Nevada  Test  Site  in  Novefiiber  1985  and  April  1986.  The  tests 
were  fully  docuniented  and  the  conditions  and  results  completely  described.  The 
perfonnance  of  the  various  foans  and  types  of  fires  were  recorded  and 
conclusions  were  drawn  from  the  variety  of  fire  and  foam  interact  ions . 
Recommendat ions  regarding  types  of  foams  and  application  rates  for  various 
prop'?!  1  ants  and  spill  conditions  were  drawn.  Several  of  the  fire  tests  we^'e 
envi rotwental ly  sanpled  through  innovative  and  unique  sampling  techniques. 
Samples  were  analyzed  for  propellant  and  foan  combustion  products  and  a 
complete  analytical  compilation  was  derived. 
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SECTION  II 

HISTORY/PREVIOUS  TESTS 


Historical ly,  propellant  spills  have  been  diluted  with  water  for  vapor 
suppression.  This  procedure  creates  an  increased  volume  of  material  which 
must  ultimately  be  disposed  of,  together  with  the  attendant  increases  in  cost 
and  schedule.  In  the  case  of  N2O1+,  the  addition  of  water  will  cause  a  dramatic 
increase  in  the  vapor  evolution  rate  before  reaching  a  more  nonvolatile, 
diluted  state.  To  perform  more  optimal  vapor  suppression,  water-based  foam 
formulations  were  developed  through  the  efforts  of  the  Chemical  Systems  Branch 
of  the  Plans  and  Project  Directorate  of  Air  Force  Space  Division  (HQ-SD/CFPE) 
located  at  Los  Angeles  Air  Force  Station,  California,  and  the  Engineering/ 
Reliability  Branch  of  the  Material  Management  Directorate  of  Ogden  Air 
Logistics  Center  (00-ALC/MMGRI)  located  at  Hill  Air  Force  Base,  Utah.  These 
efforts  investigated  the  possibilities  of  vapor  suppression  and  fire  extin¬ 
guishment  while  minimizing  the  volume  of  material  which  must  be  added  to  a 
propellant  spill  for  hazard  mitigation  (Reference  2). 

The  results  of  this  initial  work  indicated  that  aqueous  foan  systems 
could  provide  effective  mitigation  of  the  vapor  hazard  from  spills  of 
hypergolic  propellants  (Reference  3).  The  progratn  was  continued  (Reference  1) 
with  the  subsequent  development  of  acrylic-modified  surfactant  foam  systems. 
Tests  showed  that  these  foams  could  significantly  reduce  vapor  concentrations 
from  hydrazine  and  N2O4  sp’lls  for  extended  time  periods.  This  technology  led 
to  the  development  of  a  trailer-mounted  foam  response  unit,  a  Portable  Foam 
Vapor  Suppression  System  (PFVSS)  (Reference  4).  Four  of  these  units  are 
actively  deployed  with  the  Titan  Missile  Wings  of  the  Strategic  Air  Command 
while  a  fifth  unit  is  in  service  at  Vandenberg  AF8. 

Unoer'  a  supplemental  Air  Force  contract  (Reference  5),  field  tests  of 
the  PFVSS  were  conducted  to  ascertain  its  capability  in  controlling  large 
propellant  spills,  tne  technology  was  also  used  to  design  and  install  a  demon¬ 
stration  fixed-foam  system  at  the  oxidizer  storage  area  at  the  Vandenberg  Air 
force  Base  Titan  Propellant  Tank  Farm.  A  foa/a  system  is  also  included  in  the 
(!ew  fuel  storage  facility  at  the  Cape  Canaveral  Air  Force  Station. 
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The  results  of  the  investigations  conducted  in  the  Air  Force-funded  pro¬ 
grams  indicated  conclusively  that  foam  ran  be  used  to  contro:  the  vapor  hazard 
from  spills  of  the  hypergolic  propellants,  i.e.,  hydraz'-nes  and  nitrogen 
tetroxide.  The  acrylic-modified  foams  tested  were  able  to  restrict  hydrazine 
vapor  levels  to  less  than  1  ppm  and  N20^  vapor  levels  to  less  than  100  ppm.  In 
all  cases,  it  was  found  that  the  foam  blankets  could  be  continuously  or  inter¬ 
mittently  replenished  to  allow  long-term  spill  control  it  necessary. 

Best  results  were  obtained  with  contained  spills.  A  significant  degree 
of  control  can  be  exercisec  in  running  spills  if  the  foam  can  be  applied  to 
cover  and  follow  the  spili.  Continuous  liquid  discharges  were  difficult  but 
could  be  controlled  if  the  discharge  could  be  submerged  in  foam.  Some  limited 
tests  were  conducted  which  tentatively  indicated  that  the  acrylic-modified 
foams  are  effective  in  controlling  and  extinguishing  hydrazine  fires  and 
nitrogen  tetroxide  supported  fires  involving  nonpropellant  flammable  materials. 
Resulting  foan  technology  has  been  successfully  employed  in  both  portable  and 
fixed  installations 

The  initial  progran  to  define  vapor  control  procedures  for  spilled  hyper¬ 
golic  propellants  assessed  the  ability  of  the  two  techniques  to  mitigate  the 
vapor  hazard  of  hydrazine  and  ^20^,  Each  technique  was  pursued  independently 
for  both  of  the  propellant  materials.  The  progran  used  a  series  of  laboratory 
tests  to  evaluate  the  various  methods  and  materials  for  vapor  suppression. 

Vapor  concentrations  above  the  two  propellant  materials  'were  .neasured  using 
detector  tubes.  Tests  in  which  the  concentrations  exceeded  the  maxim jn  limit 
of  detector  tubes  (about  35  ppm)  were  considered  failures. 

The  evaluation  of  foam  systenis  initially  considered  the  commercially 
available  foani  agents  as  used  by  the  fire  services.  When  these  did  not  prove 
effective,  an  experimental  type  of  foam  was  also  considered.  This  was  an 
acryl ic -modified  agent. 

Five  basic  foam  agent  types  are  currently  in  use  for  fire  control.  These 

are  proteinaceous  materials  derived  from  natural  protein.  Aqueous  Fi Im-Fcrming 
Foa.ms  (AFFF)  which  employ  a  fluorocarbon  surfactant,  fluoroproteins  which  are 
combinations  of  AFFF  and  protein,  synthetic  materials  which  are  hydrocarbon- 
surfactant  base,  and  "alcohor  or  "polar  solvent"  agents  which  are  generally 
proprietary  materials. 
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Two  expansion  ranges  are  used  in  foam  technology.  Expansion  is  the  ratio 
of  air  to  water  in  the  foam  mass.  There  are  theoretical  design  limits,  but  in 
practice  the  limits  are  5  to  20:1  for  low-expansion  and  250  to  750:1  for  high- 
expansion  foams.  For  fire  control,  the  synthetic  foaming  materials  are 
effective  in  both  expansion  ranges.  The  other  foams  are  generally  restricted 
to  the  low  range,  even  though  high-expansion  foam  can  be  generated  with  some  of 
them . 


AFFF  materials  perform  quite  poorly  with  water-reactive  materials  but  were 
included  because  they  are  widely  used  by  the  Air  Force.  Each  of  the  selected 
commercial  agents  was  carried  through  screening  tests  to  assess  compatibility 
with  both  hydrazine  and 

The  tests  with  N2O4  were  easy  to  evaluate;  all  foams  collapsed  rapidly 
with  only  minimal  control  of  the  vaporization  rate.  Of  the  five  agents  tested, 
the  best  results  were  obtained  using  MSA  Type  V,  AFFF,  and  2M  ACT  polai'  solvent 
agents  (see  Appendix  H  for  definitions),  but  all  control  times  were  less  than  5 
minutes. 

The  tests  conducted  with  hyJrazine  had  more  encouraging  results.  Except 
for  AFFF  and  one  alcohol  foam  type,  the  other  foans  survived  between  30  and  60 
minutes  when  generated  at  low-expansion.  Vapor  concentrations  were  reduced  to 
5  ppii  or  less. 

Tests  run  with  foams  generated  at  high-expansion  ratios  were  poor  in  all 
cases.  The  small  laboratory  tests  provide  data  which  are  significantly  better 
than  those  derived  from  the  large-scale  field  tests  conducted  later  in  the 
program. 

Prior  work  had  indicated  that  polytier-inodif ied  foam  agents  might  be  effec¬ 
tive  against  the  propellant  materials.  Two  acrylic  polymer-modified  foam 
agents  were  evaluated  against  hydrazine  in  the  same  fashion  as  the  commercial 
agents.  Both  materials  were  conipatible  v/ith  hydrazine.  Tlie  gelation  provided 
a  staple  foam  mass  with  little  collapse.  Each  gel  eventually  broke  down  but 
the  effective  life  of  a  3-inch  layer  approach  4  hours.  The  carboxyvinyl 
pol^ymer  gave  very  viscous  solutions.  Although  it  could  be  handled  in  the 
dilute  state,  it  did  not  appear  to  be  practical  in  a  concentrate  fonn. 


Both  acryl ic-gell ing  foams  were  tested  with  N20^  for  compatibility. 

Neither  material  could  survive  against  the  than  15  minutes,  but 

they  were  superior  to  all  other  agents  tested.  One  of  the  acrylic  polymers 
furmed  an  intermediate  skin  between  the  foam  and  the  N20^,  whereas  the  other 
foams  reacted  slowly  with  N20^.  In  general,  the  latter  behaved  similarly  but 
did  not  provide  the  same  degree  of  control  as  evidenced  by  the  formation  of  a 
discontinuous  film. 

fhe  conclusion  reached  was  that  the  acrylic  polymer-modified  foam  systems 
possessed  the  best  potential  for  evolving  a  successful  vapor  control  system  for 
the  hypergolic  propellants. 

At  the  end  of  the  initial  laboratory  studies  of  these  foams,  a  short 
series  of  tests  of  a  scaled-up  size  were  run  in  a  remote  area  of  the  Nevada 
Test  Site  (NTS)  of  the  Department  of  Energy  (DOE)  in  Mercury,  Nevada.  These 
tests  were  conducted  to  evaluate  and  verify  laboratory  results.  The  derived 
iatd  provided  the  basis  to  decide  on  the  continuation  of  the  foam  develooment 
program.  It  was  mt  ihe  principal  purpose  to  develop  absolute  data  but  to 
evaluate  tne  viability  of  the  acrylic-modified  foam  approach  for  the  control  of 
hypergolic  propeMent  spill  vapor  iiazards.  Tests  were  conducted  with  both 
hydrazine  and  N20^.  All  tests  us'  d  a  25  ft^  pan,  12  inches  deep,  and  a  foan 
expansion  of  20;  1  generated  with  a  foan  ou.ip.  The  acrylic  modifier  to  the  foan 
was  Rohm  &  Haas  AC33  in  all  tests.  This  acrylic  was  chosen  because  it  had 
exhibited  benefits  in  contact  with  both  fu'l  and  oxidizer.  The  foan  composi¬ 
tion  was  10  percent  surfactant,  10  percent  acryMc,  and  80  percent  water. 
Variations  were  made  in  depth  '^f  tne  spilled  propellant,  between  1/4  inch  and 
6  inches.  Foan  depths  were  essenuially  constant  for  eac^  propellant,  3  inches 
for  hydrazine  and  6  inches  for  N2O1, . 

Further  extensive  laboratory  and  field  *’e.»ting  revealed  that  a  vol'jmetri.. 
foan  formulation  consisting  0^  approx ima^’ely  10  percent  Rofun  and  Haas  poly¬ 
acrylic  ASE-95  (fuel  foam),  10  percent  Mine  Safety  Appliance  Research 
Corporation  (MSAR)  surfactant,  and  the  remaining  CO  percent  water  was  rost 
effective  on  hypergolic  fuel  spills.  Best  results  on  N2O1*  oxidizer  spills  were 
obtained  with  a  volunetric  foan  formulation  consisting  of  approximately  10  per¬ 
cent  Rofim  &  Haas  polyacrylic  ASE-60  (oxidizer  foam),  10  percent  MSAR  surfactant 
containing  a  small  amount  of  pectin,  and  80  percent  water.  Best  results  for 
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the  fuel  formulation  were  obtained  when  the  foam  was  applied  in  a  low-expansion 
ratio  mode  of  5  to  10:1.  Oxidizer  foam  produced  the  best  results  when  applied 
in  a  high-expansion  mode  of  150  to  300:1. 

Under  normal  application  conditions  of  light  winds  and  no  precipitation, 
reapplication  is  required  approximately  every  20  minutes  for  oxidizer  spills 
and  every  hour  for  fuel  spills.  In  higher  wind  conditions  the  foam  collapses 
at  a  higher  rate  due  to  the  increased  amount  of  water  draining  through  it, 
therefore  requiring  more  frequent  applications. 

As  the  oxidizer  high-expansion  foam  collapses,  there  is  a  tendency  for 
gel -layer  islands  to  form  on  the  oxidizer  surface.  As  successive  applications 
of  foam  are  made,  the  gel-layer  tends  to  become  continuous.  At  that  point,  if 
foam  supplies  are  limited,  it  may  be  practical  to  allow  the  foam  to  collapse 
completely  before  the  next  layer  is  applied.  Otherwise,  with  adequate  foam 
supplies  available,  it  is  advisable  from  the  hazard  mitigation  and  safety 
points  of  view  to  apply  foain  in  whatever  manner  will  minimize  vapor  release, 
including  spot  patching  when  vapor  breakthrough  has  taken  place. 

Low-expansion  fuel  foam  exhibits  a  persistence  time  of  from  1  to  2  hours 
as  opposed  to  about  20  minutes  for  high-expansion  foam.  The  low-expansion  foam 
is  the  obvious  choice  for  longevity  of  foam  cover.  Since  the  high-expansion 
foam  allows  a  coverage  rate  about  seven  times  faster  than  low-expansion  foam 
using  the  same  rate  of  commodity  application,  it  may  be  desirable  in  circum¬ 
stances  requiring  immediate  vapor  suppression  to  make  an  initial  application  of 
high-expansion  foam  followed  by  subsequent  applications  of  low-expansion  foam. 

It  may  also  be  desirable  to  apply  high-expansion  foam  at  transport  spills  where 
the  ability  to  replenish  the  foain  conmiodities  may  be  limited.  Although  high- 
expansion  fodfn  must  be  replenished  about  three  times  more  often,  it  consumes 
only  about  60  percent  of  the  foam  commodities  in  the  same  length  of  time  due  to 
the  much  greater  volume  of  foajn  generted  per  unit  of  foam  concentrate  and  water 
used. 


This  testing  progran  defined  foam  systems  effective  in  controlling  the 
vapor  hazard  of  spilled  hypergolic  propellants.  The  technology  has  been  trans¬ 
lated  from  the  laboratory  to  large-sized  portable  units  and  fixed-foam  instal¬ 
lations,  with  both  types  now  in  Air  Force  service. 
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The  fire  control  testing  also  had  positive  results,  but  the  data  were  not 
sufficient  to  fully  define  fire  suppression  capabilities  or  detailed  applica¬ 
tion  requirements.  The  use  of  the  foans  in  either  fire  or  spill  control  will 
leave  an  acrylic-resin  residue.  The  handling  and  disposal  of  this  material  was 
not  a  part  of  this  test  series;  however,  it  was  this  test  series  which  dranat- 
ically  illustrated  the  potential  of  the  acrylic-modified  foams  and  which  led  to 
the  further  work  described  in  this  report.  Appendix  C  contains  minutes  of  the 
more  significant  meetings  leading  to  the  development  of  this  testing  program, 
and  Table  2  is  the  test  matrix  derived  from  those  meetings. 
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TABLE  2.  ORIGINAL  TEST  SCHEDULE  MATRIX. 
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SECTION  III 
TESTING 


A.  TEST  AUTHORIZATION 

Test  authorization  was  requested  via  the  HQ  AFESC/RDCF  letters  and  granted 
by  the  Department  of  Energy/Nevada  Operations  Office  (DOE/NOO)  letters  con¬ 
tained  in  Appendix  B.  Because  of  the  speed  with  which  this  program  moved,  test 
authorization  requests  did  not  always  precede  the  requested  test  windows  with 
sufficient  lead  time.  However,  OOE/NOO  officials  took  exceptional  expediting 
actions  to  permit  approvals  to  be  received  in  time  for  the  testing  to  take 
place  on  schedule.  The  major  drawback  was  that  the  Reynolds  Electrical  and 
Engineering  Company  (REECo)  could  not  be  authorized  to  perform  work  until  the 
DOE/NOO  approval  was  granted.  This  resulted  in  problems  with  the  construction 
of  the  pans  and  excessive  cost  to  set  up  the  foam  pen  for  the  wood  crib  tests. 

A  few  additional  comments  on  the  NTS  testing  costs  and  conditions  are 
appropriate  here.  DOE/NOO  personnel  typically  estimate  $15,000  to  $20,000  per 
week  for  NTS  testing  support  costs.  This  is  fairly  accurate  in  that  NMERI 
testing  periods  spanned  4  1/2  weeks  and  cost  about  $72,000.  The  costs  are 
applied  toward  REECo  support,  fire,  security,  weather,  environmental,  and  photo 
(optional).  Every  aspect  of  NTS  support  was  timely  and  effective.  REECo  was 
particularly  supportive  but  extremely  expensive.  The  estimate  of  $47,000  was 
exceeded  by  $14,000.  The  high  cost  of  REECo  is  mainly  due  to  Mercury  support 
operations  such  as  food,  transportation,  and  billeting  being  heavily  subsidized 
with  the  cost  factored  into  the  hourly  rates  charged  for  REECo  support  work. 

From  a  test  scheduling  standpoint  at  NTS,  there  arc  several  factors  to 
consider.  Where  the  need  for  light  winds  and  stable  wind  direction  is  a  major 
factor,  as  it  was  in  this  test  series,  testing  should  be  conducted  between 
April  and  October.  This  project's  April  series  of  tests  had  generally  favor¬ 
able  winds  while  the  tests  of  November  were  hainpered  by  marginal  winds.  The 
period  of  April  through  October  is  also  the  time  during  which  NTS  conducts  most 
of  their  underground  tests.  These  tests  can  present  major  schedule  disruptions 
because  of  their  priority  and  the  need  to  clear  all  of  NTS  prior  to,  during, 
and  after  such  tests.  Tests  which  are  necessarily  continuous  for  longer  than  a 
day  and  which  cannot  be  segmented  would  be  impacted  by  the  underground  testing. 
Other  weather  factors  to  be  considered  are  the  extremes  in  temperature.  The 
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nights  during  November  subjected  the  equipment  to  freeze  damage,  while  the  heat 
(even  as  early  as  April)  was  extremely  fatiguing  and  began  to  heat  the  fuel  and 
apparatus  to  a  hazardous  level. 

B.  TEST  SETUP 

1.  Site  Preparation  of  Initial  Test  Series 

The  initial  series  of  testing  commenced  at  NTS  on  13  November  1985. 
Prior  to  the  initial  test  on  this  date,  5  working  days  were  required  to  prepare 
the  site.  This  involved  (a)  moving  fuel,  foam,  dispensing  apparatus  and  sampl¬ 
ing  apparatus  to  test  site;  (b)  laying  out  test  site;  (c)  assembling  and  test¬ 
ing  all  apparatus;  (d)  making  contacts  with  appropriate  NTS  support  officials; 
and  (e)  posting  a  safety  board  detailing  safety  procedures. 

a.  Movement  of  Materials 

The  movement  of  materials  to  the  test  site  presented  no 
problems.  REECo  was  well-equipped  and  extremely  coooerative  in  getting  the 
materials  moved  in  a  safe  and  timely  manner  to  the  test  site.  The  foaiii  and 
apparatus  and  the  N20^  cylinder  were  stored  near  the  Cave  Spring  Test  Range  and 
the  hydrazines  (21  drans)  were  stored  in  Mercury. 

b.  Test  Si te  Layout 

The  test  site  was  conveniently  located  about  15  miles  north  of 
Mercury.  The  surface  at  the  site  was  a  relatively  clean,  debris-free  weathered 
asphalt.  Since  the  prevailing  winds  were  out  of  the  south-southwest  upon 
arrival,  the  four  pans  were  set  up  in  a  square  pattern,  75  feet  apart,  with  the 
intention  of  burning  in  the  sequence  of  northeast,  northwest,  southeast, 
southwest.  This  arrangement  would  permit  four  tests  to  be  conducted  in  one 
day,  with  the  foam  and  sampling  equipnent  requiring  only  one  move.  The  pan 
area  was  located  approximately  200  yards  east  of  the  operations  trailer. 

c.  Assembly  and  Testing  of  Apparatus 

On  8  November,  the  MSA  foam  tanks  were  filled  with  water, 
pressurized  and  used  to  check  out  the  2-,  3-,  and  6-gal lon-per-minute  fgal/min) 
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nozzles.  All  systems  ran  well.  The  MSA  system  employed  for  all  tests  in  this 
series  was  a  field-adapted  system  consisting  of  two  70-gallon  tanks  pressurized 
to  110  Ib/in.^  by  a  REECo-suppl ied  air  compressor.  Pressures  on  the  outlet 
side  of  the  tanks  were  regulated  to  produce  90  Ib/in.^  for  low-expansion  foam 
and  35  Ib/in.^  for  high-expansion  foam  at  the  nozzle.  The  acrylate  was  con¬ 
tained  in  one  tank--mixed  1:4  with  water;  wnile  the  surfactant  was  in  the 
second  tank,  also  mixed  1:4  with  water.  The  acrylate  and  surfactant  solutions 
ran  in  separate  lines  of  approximately  200  feet  of  1-inch  hose  to  a  union  where 
they  were  joined  immediately  prior  to  10  feet  of  1-inch  piping  leading  to  the 
nozzle.  This  system  is  shown  in  Figure  1.  Between  9  and  11  November,  the 
Thermal  Gas  Device  (TGO)  sampling  apparatus  (described  in  detail  in  Volume  II) 
was  assembled.  Low  temperatures,  high  winds,  and  snow  made  the  setup  lengthy 
and  difficult.  It  was  decided  to  orient  the  TGD  on  the  SE  side  of  the  NE  pan 
and  run  all  tests  to  be  sampled  from  that  pan.  The  bulk  of  the  TGD,  number  of 
connections,  and  nanber  of  support  assemblies  made  this  "permanent"  setup 
necessary. 

d.  Contracts 

All  preliminary  support  arrangenents  were  made  with  Mr.  Lon 
Kilmer  of  the  DOE  Nevada  Operation  Office  (702)  295-0968  in  Las  Vegas.  At 
Mercury  the  primary  support  contracts  were  Mr.  Wilson,  DOE,  (702)  295-4001;  Mr. 
Dennis  Finney,  REECo,  (702)  295-6540;  Chief  Ray  Gudenan,  Fire  protection  (702) 
295-6404;  and  Mr.  Frank  Tyner,  PanArn  Photo  (702)  295-6771. 

e.  Safety  Procedures 

A  safety  board  was  assenbled  immediately  inside  the  operation's 
trailer  with  the  following  information;  copies  of  all  pertinent  material 
safety  data  sheets  with  instructions  to  all  personnel  to  read  and  sign,  emer¬ 
gency  phone  ntinbers,  the  safety  portion  of  the  test  plan,  and  the  test  organiz¬ 
ational  chart  (Appendix  £). 
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Figure  1.  MSA-Dispensing  Apparatus. 


2.  Site  Preparation  of  Second  Test  Series 

The  second  series  of  tests  was  begun  at  NTS  on  15  April  1986.  Prior 
to  the  initial  tests  on  this  date,  two  working  days  were  required  to  prepare 
the  site  for  testing.  This  involved  (a)  laying  out  test  sites,  and  (b)  assem¬ 
bling  fuel/oxidizer  dispensing  apparatus. 

a.  Test  Site  Layout 

The  west  side  of  the  test  site  was  selected  as  the  most  advanta¬ 
geous  location  for  all  tests  in  this  series.  This  placed  the  support  trailer 
250  yards  to  the  east  and  the  fuel  storage  area  300  yards  to  the  east.  In  the 
fuel  storage  area  were  the  monomethyl hydrazine  (MMH),  Aerozine  50  A-50),  hep¬ 
tane,  and  diesel  fuels.  The  two  cylinders  of  N20it  were  kept  immediately  adja¬ 
cent  to  the  western  edge  of  the  test  area.  The  foam  pen  for  the  wood  crib 
tests  was  sited  at  the  western  edge  of  the  test  area. 

b.  Apparatus  Assembly 

PEECo  provided  polyvinyl  chloride  (PVC)  pipe  and  fittings  to  fit 
20-  and  10-foot  extensions  to  the  NjO^  cylinder  and  diesel  drum,  A  nitrogen 
bottle  and  connections  were  obtained  to  further  pressurize  the  N2O1,  cylinder 
during  pouring  operations. 

C.  TEST  CONDITIONS,  EQUIPMENT,  AND  PROCEDURES 
1.  November  1985  Test  Series 

a.  Weather 

Before  deciding  to  proceed  with  a  test  series  during  the  month 
of  November,  it  was  understood  that  the  weather  would  range  between  marginal 
and  unacceptable,  and  that  the  test  schedule  would  probably  not  be  completed  in 
its  entirety.  This  was  largely  the  case;  and  while  the  weather  was  more  on  the 
marginal  side,  it  did  not  appear  prudent  to  move  into  the  N2O4  portion  of  the 
test  series.  Initial  setup  weather  was  deceptively  good“-60  to  70  ’F  with  6  to 
12  mph  winds.  After  3  days,  the  temperature  dropped,  winds  picked  up,  and  snow 
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fell  for  3  days.  When  the  precipitation  stopped,  the  low  temperatures  and  high 
winds  continued  for  about  another  week  and  were  followed  by  a  wanning  trend 
with  light  and  variable  winds  for  the  remainder  of  the  test  period.  The  high 
winds  severely  affected  some  tests,  particularly  on  18  Movember  when  they 
gusted  to  46  mph  and  threatened  to  ignite  the  desert  brush  south  of  the  test 
area.  The  high  winds  also  increased  the  fatigue  factor  of  the  personnel 
handling  the  hydrazine  and  extinguishing  apparatus  while  the  extremely  cold 
nights  (15  lo  20  “F)  fro/ie  the  foam  apparatus,  occasionally  breaking  valves  and 
fittings.  The  light  and  variable  winds  presented  a  contrasting  problem,  the 
extent  and  direction  of  flow  of  the  hazardous  hydrazine  vapors  could  not  be 
ascertained.  Pernaps  tfie  mo'^t  crucial  decision  of  the  test  series  was  made  at 
this  point,  and  that  was  to  continue  the  tests  with  all  personnel  outside  the 
operations  trailer  wearing  either  a  pressure  deciand  self-contained  breathing 
apparatus  (SCBA)  or  an  industrial  gas  mask  with  the  appropriate  canister.  FroiM 
this  nuint,  tite  tests  continued  with  no  weather  difficulties. 

h.  Fquipnent 

!n  general,  the  eguipnent  transportevi  to  the  sit-'  by  New  Mexico 
E-in  HU'''-''' ing  Research  Institute  and  MSA  perfo'cned  well.  Mino''  'llalfunc- 

t  ion-;  ,iru5  siipr  t  cisoi  ngs  due  to  unava  i  I  ah  i  1  i  t  y  of  parts  were  handl-ri  in  tne  field 
ind  were  more  than  amply  supported  by  RFFCo  in  a  t  vnely  inanner.  Dry  ice  for 
the  ci'yogenic  traps  (see  Appendix  M)  was  not  available  on  site  as  anticipated, 
and  three  trips  to  Las  Vegas  were  made  to  procure  an  adequate  amount  for  the 
tests.  Ti)e  diesel  generators  provided  by  REFCo  were  aiarginal  at  best.  Three 
generators  were  required,  and  a  total  of  six  generators  were  rotated  through 
the  site  to  provide  minimal  power.  Generators  had  probleiis  starting,  maintain¬ 
ing  the  load  requirements,  and  operating  continuously  on  required  phases  and 
voltages.  While  REECo's  response  to  these  problems  was  usually  timely,  correc¬ 
tive  actions  were  not  lasting.  The  generator  situation  caused  no  delays  in  the 
testing  schedule;  however,  it  necessitated  nunerous  last  minute  “work-arounds" 
and  the  extensive  use  of  NMERI's  4-kilowatt  (KW)  portable  generator,  without 
which  the  test  schedule  definitely  would  have  been  impacted.  Full  portable 
power  provided  by  NMERI  was  considered  for  future  tests.  Because  of  the  late 
adjustments  in  the  test  dates  and  OOE/NOO  penult  processing  lead  times,  the 
pans  were  not  constructed  in  accordance  with  NMERI  specifications.  The  four 


16 


50  ft^  square  pans  were  to  be  constructed  of  3/16-inch  steel  with  a  ribbed, 
reinforced  bottom.  This  steel  could  not  be  procured  in  time,  nor  was  there 
lead  time  for  reinforcing,  so  testing  was  begun  with  four  pans  of  3/32-inch 
steel,  unreinforced.  Furthermore,  the  pans  were  52.5  ft^  instead  of  the 
requested  50  ft^.  As  expected,  the  pans  warped  badly  and  considerable 
hammering  was  applied  between  tests  to  achieve  marginal  releveling.  Beginning 
with  the  AH  low-expansion  test  on  19  November,  two  new  pans  were  p'^ovided  by 
REECo,  with  good  bottom  reinforcement;  these  two  pans  were  50  ft^  and  were  used 
for  the  remainder  of  the  tests.  During  the  MMH  pour  for  the  low-expansion 
obstruction  and  rusty  metal  test  on  22  November,  one  of  the  reinforced  pans 
developed  a  leak  along  the  seam  on  the  middle  of  one  side.  The  pan  began  to 
visibly  drip,  and  heavy  vapors  were  seen  forming  beneath  the  pan.  No  ignition 
outside  tne  pan  occurred,  and  the  test  was  continued  to  a  successful  conclu¬ 
sion.  If  future  pans  are  constructed  as  specified,  no  problems  should  occur. 

c.  Procedures 

The  NMERI  and  MSA  teams  worked  very  well  together,  jnd  field 
procedures  were  easily  resolved  to  the  satisfaction  of  both  parties.  The 
schedul e  matrix  of  the  test  plan  was  followed  fairly  closely,  and  the  test  plan 
safety  procedure  proved  adequate.  Prior  to  the  first  MMH  pour,  it  was  decided 
to  place  an  aliininum  foil  cap  over  the  end  of  the  TGD  to  prevent  vapor 
accumulation  and  possible  ignition.  The  foil  was  renotely  removed  at  the  start 
of  the  burn.  During  the  first  MNH  pour,  an  air  sOTple  was  taken  approximately 
i.6  miles  downwind  with  no  indication  of  hydra2ine.  All  outside  participants 
wore  hydrazine  indicator  badges  during  the  first  day  of  testing,  no  badges 
indicated  exposure  to  hydrazine  at  the  1  ppni  level  or  greater.  Essentially  on 
all  tests  MSA  personnel  handled  the  fuels,  foam,  physical  sadiples,  and  burnoff 
(Figures  2  through  5).  NMERI  personnel  recorded  test  times  and  descriptions, 
operated  the  TGD  sampling  apparatus,  and  directed  the  PanAm  photography.  Site 
security  and  fire  department  support  for  all  tests  was  excellent.  Prior  to 
each  test,  the  fire  department  set  up  and  charged  a  hand  line,  and  renained  on 
the  test  siU  until  the  final  burnoff  of  the  day  was  completed.  Established 
areas  for  protective  breathing  apparatus  were  maintained  until  20  November, 
from  which  time-pressure  demand  self-contained  breathing  apparatus  (SC8A)  or  an 
industrial  gas  mask  with  appropriate  canister  were  einployed  by  all  outside 
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Figure  2.  Manual  Pour  of  MMH  Di"\,ctly  into  Burn  Pan. 


18 


Figure  5.  Postextinguishment  Removal  of  Foam  from  Burn  Pan  Before 
Final  Burnoff. 
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personnel.  All  test  start  and  completion  times  and  safety  matters  were  coordi¬ 
nated  with  the  DOE  onsite  coordinators,  Mr.  Jim  Baxter  and  Mr.  Vince  lori,  who 
also  provided  exceptional  support.  Fortunately,  no  schedule  impacts  resulted 
from  conflicts  with  other  ongoing  tests  at  NTS.  In  addition  to  the  weather 
constraints  discussed  above,  a  significant  schedule  factor  was  the  fatigue  on 
the  part  of  the  fuel  and  foam  handlers.  Particularly  difficult  was  the  move¬ 
ment  and  pouring  of  the  500-pound  fuel  drums  while  in  full  firefighting  and 
protective  breathing  apparatus.  It  appeared  that  this  amount  of  work  levied  on 
personnel  under  potentially  explosive  and  toxic  conditions  would  limit  the 
number  of  tests  to  three  tests  per  day.  As  expected,  the  efficiency  of  the 
testing  team  increased  significantly  as  the  test  series  progressed.  This  was 
clearly  shown  in  the  last  2  days  of  testing  during  which  6  tests  were 
completed.  As  the  comfort  factor  with  the  hazardous  materials  increased,  it 
was  extremely  important  to  ensure  that  attention  to  safety  details  was  main¬ 
tained  through  the  entire  test  series  and  that  no  safety  incidents  occurred. 

2.  April  1986  Test  Series 
a.  Weather 

Wind  conditions  and  temperatures  were  generally  as  expected. 
Winds  were  usually  from  the  south  and  southwest  as  predicted,  averaging  6  to 
12  inph  on  most  days.  However,  winds  as  high  as  21  mph  with  gusts  to  37  mph 
were  experienced.  Testing  under  these  conditions  was  minimized,  but  the  wind 
was  a  factor  in  extending  extinguishment  times  and  adversely  affecting  the  foam 
movement  during  the  wood  crib  tests  in  the  foam  pen.  The  consistency  of  the 
wind  direction  greatly  benefited  the  ease  and  safety  of  the  N20i,  handling 
operations.  Toward  the  end  of  the  test  period,  higher  temperatures  produced 
earlier  fatigue  for  personnel  wearing  protective  suits  and  caused  concern  about 
the  heat  buildup  of  the  fuel  and  in  the  metal  pans.  After  a  spontaneous  igni¬ 
tion  occurred  on  28  April  with  Test  C-15,  (see  Appendix  F,  Experimental  Data, 
Test  C-15)  the  pans  were  thoroughly  cooled  with  water  before  and  during  the 
remaining  tests  with  A-50.  Overall,  adverse  weather  only  resulted  in  the  loss 
of  1  day  of  testing  over  the  2  1/2-week  period. 
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b.  Equipment 

Minor  problems  were  encountered  with  the  compressor  and  the 
forklift,  but  they  caused  no  major  impact  on  the  test  schedule,  REECo's 
response  to  these  problems  was  usually  timely.  It  was  determined  to  use  the 
same  pans  as  were  used  during  the  test  series  in  November  1985.  Generally  the 
four  unreinforced  pans  were  used  for  the  N2O4  tests  while  the  two  reinforced 
pans  were  used  for  the  A-50  tests.  The  reinforced  pans  were  repaired  by  REECo 
welders  prior  to  use. 

c.  Procedures 

The  NMERI  and  MSA  teams  employed  the  same  procedures  as  in  the 
November  1985  test  series.  Portunately,  only  minor  schedule  impacts  resulted 
from  conflicts  with  other  ongoing  tests  at  NTS. 

0.  FUEL  AND  OXIDIZER 

The  fuels  used  for  this  test  series  were  anhydrous  hydrazine  (AH),  mono¬ 
methyl  hydrazine  (MMH),  unsynmetrical  dimethyl  hydrazine  (UDMH),  and  Aerozine  50 
(A-50).  The  sole  oxidizer  used  was  N20i^.  For  most  of  the  tests  in  this 
series,  production  fuels  and  oxidizers  were  used.  Off-specification  (off-spec) 
fuels,  A-50,  were  used  for  the  April  1986  fuel  series.  Off-spec  fuels  can  be 
used  for  testing  of  this  nature  if  fuel  characteristics  reasonably  replicate 
production  fuels.  In  no  case,  however,  should  the  H2O  content  be  allowed  to 
exceed  5  percent  by  weight. 

Since  this  was  a  Government-sponsored  program,  NMERI  was  able  to  purchase 
the  fuels  fran  the  San  Antonio  Air  Logistics  Center.  ITie  address  is 
SA-ALC/SFRL,  Kelly  AFB,  TX  78241.  Contacts  are  Mr.  Jack  Paddie,  Ms.  Bea 
Hernandez,  or  Ms.  Lucille  Jordan  at  autovon  945-4877  or  commercial  (512) 
925-4877.  These  people  were  extremely  helpful  in  handling  all  fuel  purchase 
and  delivery  actions.  l>ider  their  progran  for  production  fuels,  SA-ALC/SFRL 
either  purchases  the  materials  frojn  a  supplier  or  draws  them  from  an  existing 
Air  Force  stock  pile  and  charges  the  customer  a  fixed  price.  Prices  are 
revised  quarterly,  SA-ALC/SFRL  also  arranges  for  the  shipping  of  the  contain¬ 
ers  to  and  from  the  test  site  at  no  cost  to  the  customer.  This  can  be  a  very 
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convenient  arrangement  for  the  customer,  although  production  materia, s  are 
expensive.  A  typical  55-gallon  drum  of  fuel  costs  about  S3000;  whereas  a  1-ton 
cylinder  of  N2O4  costs  about  $5,500.  SA-ALC/SFRL  personnel  normally  require 
that  an  order  be  placed  60  to  90  days  before  required  delivery. 

The  use  of  off-spec  materials  presents  problems  of  a  different  nature. 
SA-ALC/SFRL  can  normally  locate  a  source  of  off-spec  materials;  but  from  that 
point  forward,  it  is  the  customer's  responsibility  to  negotiate  and  finance  all 
arrangements.  This  entails  a  myriad  of  contacts,  scheduling  details  and 
uncertainties.  Attempts  to  obtain  off-spec  MMH  for  the  November  test  series 
were  not  successful  due  to  problems  negotiating  costs  and  liability  issues 
within  the  tight  time  constraints  placed  on  this  first  test  series.  Off-spec 
A-50  was  obtained  for  the  April  test  series.  Th^s  was  made  possible  largely 
because;  (a)  NMERI  had  acquired  more  knowledge  of  the  fuel  supplier  community, 
(b)  SA-ALC/SFRL  personnel  provided  exceptionally  good  directions  and  guidance, 
and  (c)  the  companies  possessing  the  off-spec  fuels  were  extremely  cooperative. 
Thus,  the  fuels  were  obtained  for  the  costs  of  handling  and  transportation 
only.  This,  by  far,  constitutes  the  best  means  of  obtaining  the  material  for 
test  purposes  if  the  necessary  lead  time  is  available. 
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SECTION  IV 
TEST  RESULTS 


A.  NOVEMBER  1985  TEST  SERIES 

The  series  of  fire  tests  conducted  in  November  1985  focused  on  the  ability 
of  acrylate-modified  vapor  suppression  foam  to  extinguish  burning  hydrazine. 
Both  high-  and  low-expansion  foams  were  applied  to  50.0  ft^  and  52.5  ft 2  fires 
in  square  pans.  The  hydrazine  fuels  used  were  MMH,  AH,  and  UDMH.  Hydrazine 
fuels  burn  with  very  little  visible  flame.  Flame  visibility  is  lowest  in  AH 
fires,  followed  by  MMH  and  UDMH,  in  that  order.  This  generally  made  exact  fire 
extinguishment  times  difficult  to  ascertain.  Since  the  pan  corners  were  the 
last  portions  of  the  flame  to  be  extinguished,  the  continuity  of  the  foam  cover 
within  the  corners  was  normally  a  reliable  measure  of  extinguishment.  An  IR 
camera,  loaned  to  NMERI  by  the  Naval  Research  Laboratory,  was  used  dui^ing  some 
tests,  but  it  was  difficult  to  distinguish  the  flame  from  the  heated  pan  in  the 
corner  areas  through  the  IR  lens.  The  fire  test  procedures  followed  the 
Underwriters  Laboratories  (UL)  Standard  162  (Reference  6)  procedure  for  low- 
expansion  foam  and  National  Fire  Protection  Association  (NFPA)  llA 
(Reference  7)  for  high-expansion  foam.  MSAR  officials  contributed  to  the  test 
result  data  described  belfw. 

In  addition  to  fire  extinguishment  timing  tests  using  the  low-expansion 
foan,  wand  and  stovepipe  tests  were  conducted.  The  wand  test  (Figure  6),  as 
described  in  UL  162,  Section  18.18-18.19,  is  perfonned  after  5  minutes  of  foam 
application  (provided  extinguishment  of  the  fire  is  achieved)  by  passing  a 
lighted  torch  approximately  1  inch  above  the  entire  foan  blanket  for  a  speci¬ 
fied  amount  of  time.  This  specified  time  is  9  minutes  for  AFFF  and  15  minutes 
for  protein,  fluoroprotein  and  synthetic  concentrate  foons.  To  pass  the  wand 
test,  the  fuel  must  not  ignite  within  the  time  allotted  unless  it  is  able  to 
self-extinguish  in  30  seconds  or  less.  The  stovepipe  test  (Figure  7),  which 
was  performed  directly  following  the  wand  test,  is  also  outlined  in  UL  162, 
Section  18.20-18.21.  This  test  involves  placing  a  stovepipe  of  12-inch 
diameter  into  the  foan  blanket.  This  pipe  must  be  of  sufficient  height  to 
protrude  above  the  foan  blanket  by  approximately  4  inches.  The  stovepipe  must 
be  placed  about  2.5  feet  from  each  of  two  adjacent  sides  of  the  test  pan  with 
as  little  disturbance  to  the  foan  blanket  as  possible.  The  portion  of  foam 
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inside  the  stovepipe  is  removed,  and  the  fuel  within  is  ignited,  me  fuel  is 
allowed  to  burn  for  1  minute  and  the  stovepipe  is  then  slowly  removed.  The 
test  is  considered  successful  if  (1)  the  foam  blanket  is  able  to  restrict  the 
spread  of  fire  to  an  area  of  10  ft^  for  5  minutes,  or  (2)  the  foam  is  able  to 
flow  and  cover  the  burning  area.  The  wand  and  stovepipe  tests  are  used  for 
low-expansion  foam  only.  Individual  test  descriptions  and  results  are 
contained  in  Appendix  F. 

The  basic  fire  sequences  were  conducted  using  MMH.  The  foam  application 
used,  described  in  UL  162,  Section  18.12-18.13,  involves  positioning  the  nozzle 
so  that  the  foam  is  directed  across  the  pan,  at  an  angle  above  the  horizontal 
so  as  to  strike  a  backboard  on  the  opposite  side  of  the  pan  (Figure  4).  This 
method  of  application  was  used  for  all  fire  tests  except  the  tests  which  used 
the  AFFF  flared  nozzle,  and  foam  application  in  accordance  with  MIL-F-24385C . 
Extinguishment  times  were  obtained  for  different  application  rates.  The  data 
were  plotted  with  foam  application  rate  versus  extinguishment  time,  and  a  typ¬ 
ical  curve  fo**  flammable  liquid  was  fit  to  these  points  (Reference  2).  Minimum 
application  rate  and  design  rate  are  defined  using  this  curve  (Figure  8).  This 
is  accomplished  by  drawing  a  tangent  line  to  the  vertical  portion  of  the  curve 
and  extending  this  line  to  the  abscissa.  The  point  of  intersection  with  the 
abscissa  is  defined  as  the  minimiri  application  rate.  The  design  rate  is  then 
determined  by  drawing  a  second  tangent  to  the  horizontal  portion  of  the  curve, 
and  extending  a  vertical  line  down  to  the  abscissa  from  the  tangent  point. 

This  point  of  intersection  with  the  abscissa  is  the  design  rate.  The  calcu¬ 
lated  design  rate  of  application  for  MMH  was  then  used  for  AH  and  UDMH  fires. 
These  rates  were  also  applied  on  MMH  fires  with  obstructions  and  rusty  metal 
present  in  the  burn  pan.  Additional  MMH  fires  were  extinguished  with  commer¬ 
cial  Aqueous  Film-Forming  Foam  (AFFF)  and  Alcohol-Resistant  Concentrate  (ARC) 
foains.  Finally,  the  acrylate-modified  foam  was  tested  using  the  calculated 
design  rate  with  heptane  and  leaded  gasoline  fires. 

1.  Monomethyl  hydrazine 

a.  High-Expansion  Foam 

The  high-expansion  foam  was  generated  at  a  noininal  160:1 
expansion  ratio,  MMH  Fire  Tests  A-9,  A-10,  and  A-8  were  conducted  with 
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Curve  for  Fire  Extinguishment  Versus  Foam  Application  Rate 


application  rates  of  24  ft^/min,  55  ft^/min,  and  118  ft^/min,  respectively. 
Tests  A-9  and  A-10  yielded  no  extinguishment,  whereas  Test  A-8  produced 
extinguishment  in  1  minute  1  second.  The  data  was  plotted  in  Figure  9  and  a 
design  rate  of  79  ft^/min  for  the  52.5  ft^  fire,  or  1.5  ftVmin/ft^  was 
established.  A  minimum  application  rate  of  70  ftVmin  was  also  determined  from 
the  curve.  At  the  design  rate,  the  extinguishment  time  was  1  minute  15  seconds 
(Test  A-16). 


Test  E-16/F-16  (Figure  10)  was  conducted  to  assess  the  ability 
of  the  foam  to  flow  around  obstacles  and  control  fires  where  hot  metal  was 
present  as  a  reignition  source.  The  obstruction  used  was  a  30-gallon  rusted 
steel  drun  placed  upright  in  the  center  of  the  fire  pan.  About  10  pounds  of 
rusted  scrap  steel  was  wired  together  and  placed  beside  the  drum.  This  fire 
was  extinguished  in  39  seconds  at  the  established  design  rate  of  79  ftVmin. 
When  the  reduced  fire  surface  (caused  by  the  presence  of  the  drum)  is 
considered,  this  time  is  consistent  with  data  obtained  for  fires  without 
obstacles.  There  was  no  evidence  that  the  obstacles  or  hot  metal  interfered 
with  the  flow  of  the  foam  or  the  extinguishment  of  the  fire.  The  data  for  the 
high-expansion  fire  tests  are  presented  in  Table  3.  The  obstruction  test  data 
are  also  plotted  in  Figure  9. 

b.  Low-Expansion  Foam 

Low-expansion  foam  had  a  nominal  expansion  of  8:1.  me  low- 
expansion  tests  on  MWi  fires  employed  initial  application  rates  of  2  gal/min, 

3  gal/min,  and  6  gal/min.  No  extinguishment  resulted  in  Test  A-2  with  an 
application  rate  of  2  gal/min.  Test  A-3,  application  rate  of  3  gal/min, 
produced  extinguishment  in  2  minutes  13  seconds;  and  A-15,  6  gal/min 
application  rate,  extinguished  the  fire  in  1  minute  12  seconds.  The  design 
rate  for  MMH  fires  using  the  low-expansion  foam  was  estimated  from  the  plotted 
curve  in  Figure  11  to  be  4  gal/  min,  or  0.076  gal/min/ft^.  Extinguishment  time 
at  this  rate  was  1  minute  18  seconds  (Test  A-1),  slightly  greater  than  the 
extinguishment  time  for  the  high-expansion  foan  using  the  calculated  design 
rate. 

The  obstruction  test,  using  MHH  as  the  fuel  (Test  E-15/F-15), 
was  conducted  in  the  same  manner  as  with  the  high-expansion  foam  obstruction 
test.  The  application  rate  used  was  4  gal/min;  at  this  rate  the  fire  was 
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Figure  10.  High-Expansion  Foam  with  Obstruction  and  Rusty  Metal. 
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TABLE  3.  HIGH-EXPANSI-iN  ACRYLIC-MODIFIED  FOAM  TESTS. 


Test 

no. 

Date 

Fuel 

. . .  1 

Fire  size 
(ft2) 

Appl i cat  ion 
rate 

(ftVmin) 

Extinguishment 

time 

(min-s) 

Type 

Quantity 

(gal) 

A-8 

11/17  1 

j 

MMH 

55 

52.5 

- - - - - ..| 

118 

1-01 

A- 9 

11/18  i 

MMH 

30 

52.5 

24 

Fa i 1 ed 

A-10 

11/18  ; 

MMH 

55 

52.5 

55 

Failed 

A-16 

11/19 

MMH 

55 

52.5 

79 

1-15 

0-16 

11/20 

AH 

55 

50.0 

79 

0-45 

B-16 

11/20 

UDMH 

55 

50.0 

79 

6-30 

E-16/F-16  11/22 

MMH 

55 

50.0 

79 

0-39 

N-30 

1 . 

11/24 

Heptane 

1 

1 _ 

55 

50.0 

79 

1-35 

1 

I _ 
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Figure  11.  Application  Rate  Versus  Extinguishment  Time  for  Acrylic- 
Modified  Low-Expansion  Foam--MMH  Fuel. 


extinguished  in  2  minutes  20  seconds.  With  low-expansion  foam,  the  presence  of 
the  drum  slows  the  extinguishment  process  because  it  is  more  difficult  for  the 
low-expansion  foam  to  flow  around  the  drun  to  reach  the  rear  area  of  the  pan. 

In  all  low-expansion  tests  the  wand  test  was  passed.  The  stovepipe  tests  were 
also  passed,  all  in  less  than  10  seconds.  The  data  for  the  low-expansion  tests 
is  given  in  Table  4.  The  obstruction  test  is  plotted  in  Figure  11. 

c.  MIL-F-24385-C  Tests 

The  low-expansion  test  utilized  in  certifying  foams  for  Depart¬ 
ment  of  Defense  (DOD)  use,  employs  a  round  pan  of  28  ft^,  a  foam  discharge  of 
2  gal/  min,  a  flared-foam  pattern  and  a  plunging- type  application.  The 
plunging-type  application,  described  in  UL  standard  162,  section  18.14, 
involves  striking  the  fuel  surface  near  the  opposite  side  of  the  test  pan  with 
the  nozzle  at  an  angle  slightly  above  horizontal.  This  test  was  conducted  on  a 
MMH  fire  (Test  A-IA)  using  the  acrylic-modified  foam.  Neither  fire  extinguish¬ 
ment  nor  control  was  achieved  during  the  5-minute  time  limit.  This  was 
expected  since  the  plunging-type  application  is  generally  not  suitable  for 
water-miscible  fuels.  Data  for  this  test  are  presented  in  Table  5. 

d.  Commercial  Foam  Agents,  Low  Expansion 

Three  fire  tests  were  conducted  using  the  commercial  foam 
agents,  Ansulite  Alcohol-Resistant  Concentrate  (ARC),  and  Ansulite  AFFF  sup¬ 
plied  by  the  Air  Force.  A1 1  tests  were  conducted  in  the  50  ft^  pan  using 
55  gallons  of  MMH  and  a  1 -minute  preburn. 

The  ARC  (6  percent)  was  tested  at  application  rates  of  4  gal/min 
for  Test  A-24-2  and  6  gal/min  for  Test  A-24-1.  These  MMH  fires  were  extin¬ 
guished  in  4  minutes  30  seconds  and  1  minute  15  seconds,  respectively.  In  both 
cases,  the  foam  passed  the  wand  tests  and  the  stovepipe  tests.  For  Test 
A-24-1,  extinguishiient  was  immediate  once  the  stovepipe  was  removed.  For  Test 
A-24-2,  the  stovepipe  test  fire  was  not  extinguished.  The  fire  increased  in 
size  slowly  but  met  the  UL  162,  Section  18.21,  criteria  of  less  than  10  ft^ 
increase  in  5  minutes.  The  ARC  foams  broke  down  more  rapidly  than  the  acrylic- 
modified  foams  once  the  fire  was  extinguished.  These  data  are  consistent  with 
prior  data  for  spill  control  where  commercial  ARC  foams  were  able  to  control 
the  vapor  but  exhibited  much  shorter  control  times. 
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TABLE  4.  LOW-EXPANSION  ACRYLIC-MOOIFIED  FOAM  TESTS. 
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MIL-F-24385C  AND  COf^MERCIAL  LOW-EXPANSION  FOAM  TESTS. 
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AFFF  (6  percent)  discharged  at  6  gal/min,  Test  A-23, 
extinguished  the  MMH  fire  in  2  minutes  51  seconds  and  passed  the  wand  test. 

In  the  stovepipe  test,  the  fire  increased  in  size  but  met  the  criteria  of  a 
maximum  of  10  ft^  increase  in  5  minutes.  This  foam  exhibited  less  stability 
over  the  MMH  than  the  other  agents  tested.  The  data  from  the  ARC  and  AFFF 
tests  are  also  presented  in  Table  5. 

2.  Other  Fuels--AH,  UDMH,  Heptane,  and  Gasoline 

a.  High-Expansion  Foam 

This  series  of  tests  was  conducted  in  the  same  manner  as  tests 
using  MMH  fuel.  The  high-expansion  foam  was  generated  at  a  rate  of  160:1. 
Using  the  design  rate  of  79  ftVmin  calculated  for  MMH,  AH  (Test  D-16),  and 
heptane  (Test  N-30),  fires  were  extinguished  at  45  seconds  and  1  minute 
35  seconds,  respectively.  UDMH  (Test  B-16)  could  not  be  extinguished  in  the 
5-minute  time  limit  established  in  UL  162,  Section  17.19,  using  the  calculated 
design  rate.  At  the  design  rate,  extinguishment  required  an  application  time 
of  6  minutes  30  seconds.  The  higher  vapor  pressure  of  UDMH  is  considered  to 
be  the  reason  for  the  more  severe  extinguishment  requirements.  This  data  is 
presented  in  Table  3.  Figure  12  shows  the  MMl  curve  with  extinguishment  times 
for  AH,  heptane,  and  UDMH  also  shown  on  this  curve. 

b.  Low-Expansion  Foam 

The  expansion  rate  used  for  these  tests  was  8:1,  as  was  used 
for  the  MMH  fire  tests.  The  calculated  design  rate  of  application  for  MMH, 

4  gal/min,  was  employed  for  these  tests.  The  AH  fire  (Test  D-15)  gave  extin¬ 
guishment  in  1  minute  12  seconds,  similar  to  the  time  for  high-expansion  foam. 
The  heptane  fire  (Test  N-29)  was  extinguished  in  2  minutes  57  seconds.  This 
extinguishment  time  was  expected  because  the  acrylic-modified  foam  does  not 
produce  an  effective  gel  when  placed  in  contact  with  heptane.  Therefore, 
extinguishment  of  heptane  fires  takes  longer  than  hydrazine  fires  where  an 
effective  gel  is  formed. 
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The  low-expansion  foam  failed  to  extinguish  the  UDMH  fire  (Test 
B-15)  at  the  calculated  design  rate.  After  5  minutes  of  discharge,  less  than 
half  of  the  fire  was  cc'/ereh  with  foam,  and  flame  was  visibly  burning  through 
the  foam.  This  differed  from  the  high-expansion  foam  application  used  with 
UDMH  fires  (Test  B-16),  where  the  only  effect  was  the  extension  of  the  extin¬ 
guishment  time.  Given  the  results  of  Tests  B-15  and  B-16,  it  was  decided  that 
a  cotrplete  test  series  on  A-50  should  be  run  when  testing  resunes  in  April 
1986.  This  will  involve  a  three- test  design  set  for  both  low-  and  high- 
expansion  foams.  These  tests  are  deemed  necessary  because  A-50  is  50  percent 
UDMH  and  is  a  widely  used  fuel.  In  all  cases  where  the  low-expansion  foam 
produced  extinguishment,  the  stovepipe  and  wand  tests  were  passed.  In  all 
stovepipe  tests,  the  fire  was  completely  extinguished  in  10  seconds  or  less 
once  the  stovepipe  was  removed.  The  test  data  with  low-expansion  foam  are 
presented  in  Table  4.  Figure  13  gives  an  overlay  of  the  additional  fire  tests 
on  the  MMH  curve. 

c.  MIL-F-24385C  Tests 

A  second  test  (Test  A- IB)  of  this  type  was  conducted  with  the 
acryl ic-modif ied  foam  using  leaded  gasoline  as  the  fuel.  The  procedure  used 
for  this  test  was  the  same  as  was  used  for  the  previous  MMH  MIL-F-24385C 
tests.  Control  for  this  fire  was  achieved  in  3  minutes,  although  there  was  no 
extinguishment.  At  the  end  of  5  minutes,  significant  flame  was  still  present 
at  the  edge  of  the  pan  opposite  the  point  of  foam  impact.  Like  the  previous 
heptane  tests,  no  gel  formed  with  the  gasoline;  therefore,  efficiency  of  the 
foatn  was  impaired.  The  data  from  this  test  are  presented  in  Table  5. 

a.  APRIL  1986  TEST  SERIES 

In  April  1986,  the  program  was  resuned  to  complete  the  unfinished  tests. 
Five  test  sequences  were  conducted.  Two  of  the  sequences  involved  A-50,  a 
h>'drazine-based  propellant  consisting  of  a  50-50  mixture  of  AH  and  UDMH.  The 
other  three  sequences  involved  N2O4  supported  fires.  Individual  test  descrip¬ 
tions  and  results  are  contained  in  Appendix  F.  MSAR  officials  contributed  to 
the  following  test  result  data. 
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Figure  13.  Additional  Low-Expansion  Foam  Tests  Referenced  to  MMH  Data. 


1. 


Aeroztne  50  Fire  Tests 

The  A-50  tests  were  conducted  In  the  same  manner  as  the  previous 
hydrazine  test  fires.  Before  the  tests,  the  question  was  raised  as  to  whether 
the  UDMH  would  burn  off  preferentially.  The  data  obtained  from  the  A-50  fires 
does  not  indicate  any  preferential  burnoff  of  UDMH,  It  appears  that  because  of 
UDMH,  which  increases  volatility  and  reactivity,  A-50  fires  were  more  intense 
than  those  of  AH  or  MMH,  but  less  intense  than  those  of  UDMH. 

a.  High-Expansion  Foam 

A-50  was  tested  with  high-expansion  foam  at  3  different 
application  rates  in  a  50  ft^  pan.  Test  A-18  with  an  application  rate  of  55 
ft^/min  resulted  in  no  extinguishment.  Test  C-16,  using  an  application  rate  of 
79  ft^/min,  and  Test  C-16A  using  118  ft^/min,  resulted  in  extinguishment  in 
3  minutes  30  seconds  and  2  minutes  15  seconds,  respectively.  One  additional 
test  was  conducted  at  173  ft^/min.  Test  C-16B,  which  gave  extinguishment  in 
1  minute.  This  high-expansion  test  data  is  plotted  in  Figure  14.  Interpreting 
the  high-expansion  data  gives  a  minimun  foam  application  rate  of  115  ftVmin 
and  a  design  rate  of  150  ft^/min  or  3  ftVmin/ft^.  Data  from  these  tests  are 
presented  in  Table  6. 

b.  Low-Expansion  Foam 

Results  of  low-expansion  foam  tests  were  obtained  for 
application  rates  of  5,  6,  and  9  gal/min  in  Tests  C-15,  C-15A,  and  C-15B, 
respectively.  Test  C-15  resulted  in  extinguishment  in  3  minutes  55  seconds, 
whereas  Test  C-15A  was  extinguished  in  3  minutes  and  30  seconds.  The  shortest 
extinguishment  time  of  1  minute  8  seconds  was  obtained  for  Test  C-15B. 

Plotting  this  data,  control  and  extinguishment  times  yield  the  curve  in 
Figure  15.  The  analysis  of  the  low-expansion  extinguishment  data  gives  an 
estimated  minimun  application  rate  of  7.5  gal/min  and  an  approximate  design 
rate  of  9.0  gal/min,  or  0.18  gal/min/ft^.  The  deviation  of  the  UDMH  data  point 
(obtained  from  Test  8-16)  from  the  A-50  curve  is  not  as  pronounced  for  low- 
expansion  foam  as  it  is  for  the  high-expansion  foam.  In  the  analysis  of  the 
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'■pplication  Rate  Versus  Extinguishment  Time  for  Acrylic 
‘’.odified  Low-Expansicn  Foam--”A-50  Fuel. 


TABLE  6.  HIGH-EXPANSION  FOAM  TESTS--A-50  IN  50  FT^  PAN. 


Test 

no. 

Date 

Fuel 

quantity 

(gal) 

Appl ication 
rate 

(ft^/min) 

Extinguishment 

time 

(min-s) 

|SR||| 

4/17 

55 

79 

3-30 

4/17 

55 

118 

2-15 

4/28 

_ i 

55 

173 

1-0 

low-expansion  tests,  .,t  lower  application  rates  the>-'e  is  a  large  difference 
between  control  and  extinguishtnent  times.  This  time  difference  is  due  to  an 
a.inormally  long  time  to  extinguish  the  final  vestige  of  burning  in  the  corners 
If  the  UDMH  data  point  is  compared  to  this  control  time  curve,  knowing  that  no 

control  was  achieved  in  5  minutes  at  4  gal/min,  UDMH  is  seen  to  be  signifi¬ 

cantly  more  difficult  to  extinguish  and  control  than  A-50. 

While  additional  data  will  define  application  rates  more  accu¬ 
rately  than  those  derived  above,  it  is  felt  that  the  curves  for  control  time 
more  nearly  typify  significant  fire  data  in  th's  case  than  do  the  curves 
defined  by  the  extinguishment  times.  The  same  method  can  be  used  to  define 
design  rate  and  minimum  rate  for  control  time  as  is  used  with  the  extinguish¬ 
ment  curve.  Analysis  of  the  control  time  curve  gives  mininusn  rate  of 

5.5  gal/min  and  a  design  rate  of  6.5  gal/min  or  0.13  gal/min/f t^.  The  data  fo 

these  tests  is  given  in  Table  7. 

2,  Nitrogen  Tetroxide  Supported  Fire  Tests 

Nitrogen  tetroxide  (N20^)  is  not  flammable  of  itself;  but  being  a 
strong  oxidizer,  it  will  intensivy  the  burning  of  combustibles.  The  basic 
objective  of  this  cost  series  was  to  evaluate  the  ability  of  the  acrylate- 
modified  foams  to  control  and  extinguish  fires  involving  N20^.  In  the  course 
of  the  tests,  data  were  obtained  on  the  effect  of  the  high  oxygen  content  of 
the  nitrogen  tetroxide  on  the  burning  rate  and  fire  intensity. 
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TABLE  7.  LOW-EXPANSION  FOAM  TESTS— A-50  IN  50  FT^  PAN. 


— 

Test 

no* 

Date 

Fuel 

quantity 

(gat) 

Appl ication 
rate 

(ft^/min) 

Extinguishment 

time 

(min-s) 

Comments 

C-15 

4/28 

45 

5 

3-55 

Fire  out  except  for 
corners  in  1  minute 
57  seconds. 

C-15A 

1 

4/26 

i 

55 

6 

3-30 

Fire  out  except  for 
corners  in  1  minute 
30  seconds. 

C-15B 

4/26  1 

55 

9 

1-08 

In  addition  to  the  concern  for  the  influences  of  N2O4  on  the  fire 
itself,  questions  also  existed  regarding  the  potential  for  spontaneous 
ignition.  Such  ignition  could  be  due  to  contact  of  the  oxidizer  with 
combustibles,  and  long-term  contact  of  organics  with  the  oxidizer  to  form 
compounds  such  as  nitrates  which  could  increase  flammability  or  other  hazard 
potentials  of  the  mixtures.  A  wide  measure  of  these  possibilities  was 
inherently  included  in  the  test  program.  Individual  test  descriptions  are 
contained  in  Appendix  F. 

a.  Nitrogen  Tetroxide  and  Flammable  Liquids 

Diesel  fuel  was  selected  as  the  flammable  liquid  to  he  used  in 
these  tests.  Like  all  of  the  hydrazine  tests,  the  basic  fire  tests  were 
predicated  on  UL  Standard  162.  Prior  testing  has  established  that  only  high- 
expansion  foam  effectively  controls  N2O1,  vapors.  This  is  mainly  because  high- 
expansion  foam  has  less  water  than  low-expansion  foam.  Hie  low-expansion  foam 
contains  20  times  as  much  water  |)er  volunetric  measure  as  does  the  high- 
expansion  foam.  Tin's  amount  of  water  makes  the  N2O4  increasingly  more  volatile 
and  prohibits  an  effective  gelling  of  the  foam  blanket.  For  this  reason  only 
higii-expansion  foam  was  tested  for  fire  control  of  N2O14  supported 
combustibles. 
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Tests  were  run  with  30  gallons  of  diesel  fuel  charged  directly 
into  the  50  ft^  test  oan.  Normally  hydrocarbons  are  floated  on  water  for  fire 
testing,  but  this  is  not  acceptable  with  N2O4  because  it  reacts  violently  with 
water.  An  equal  amount  of  and  diesel  fuel  was  charged  into  the  pan. 
Nitrogen  tetroxide  is  heavier  than  diesel  fuel  and  sinks  to  the  bottom  of  the 
pan.  As  it  boils  through  the  fuel,  it  causes  a  bubbling  and  frothing  which  is 
the  same  color  as  the  diesel  and  N2O4  mixture.  The  frothing  was  fairly  vigor¬ 
ous  early  in  the  N20^  discharge  but  slowed  and  localized  with  time.  It  was 
discovered  during  these  tests  that  the  fuel  could  not  be  ignited  by  applying 
flame  to  the  froth  areas.  It  appeared  that  the  fi'oth  area  was  high  in  N20^  but 
low  in  fuel  vapor.  Ignition  was  readily  achieved  in  nonfrothing  areas  and  the 
fire  rapidly  propagated  over  the  total  fuel  surface,  including  the  froth  areas. 
Once  fully  developed,  the  diesel  fuel/N204  mixture  burned  with  an  abnormally 
high  intensity;  flames  were  white  rather  than  the  normal  yellow-orange.  In  all 
tests,  the  high-expansion  foam  consistently  extinguished  the  diesel/N204 
fires. 


The  diesel  and  N2O4  tests  were  run  at  thr.>e  application  rates, 
all  of  which  were  effective  in  extinguishing  the  fires.  Test  H-10,  with  a  flow 
of  118  ft^/min,  achieved  extinguishment  in  1  minute  41  seconds.  Tests  H-8R  and 
H-8  used  an  application  rate  of  142  ft^/min  which  achieved  extinguishment  times 
of  1  minute  48  seconds  aiid  3  minutes  50  seconds,  respectively.  The  difference 
in  these  times  directly  rel  trs  to  wind  conditions.  See  Appendix  F  for 
detailed  test  conditions.  At  a  flow  rate  of  236  ftVmin,  Test  H-9  resulted  in 
an  extinguishrient  time  of  1  minute  5  seconds. 

No  ;  roblems  were  experienced  in  mixing  the  diesel  fuel  with  the 
N2O4.  All  ignitiono  were  intentional.  In  1-16  the  diesel  fuel  and  N20i^ 
mixture  was  aged  for  14  hours  before  the  scheduled  ignition.  No  spontaneous 
ignition  occurred  during  the  14  hours.  At  the  time  of  scheduled  ignition,  most 
of  the  N2O4  boiled  off.  A  small  portion  remained  dissolved  in  the  diesel  fuel 
as  evidenced  by  a  deep  brown  color.  When  this  fire  test  was  conoucted,  no 
abnormalities  in  the  ignition  or  the  burn  were  observed.  Tlie  fire  Intensity 
did  not  appear  to  be  as  great  as  for  those  involving  fresh  fuel-nitrogen 
tetroxide  mixtures.  The  extinguishment  time,  2  minutes  4  seconds, 
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was  longer  for  the  aged  material.  This  was  most  likely  due  to  the  longer 
preburn  time,  2  minutes  versus  30  seconds  for  the  unaged  material.  A  2-minute 
prtburn  was  required  to  permit  full  development  of  the  fire. 

The  only  difficulty  experienced  in  this  test  was  in 
extinguishing  the  fire  in  the  corners  of  the  pan  opposite  the  point  of  foam 
discharge.  This  difficulty  resulted  due  to  the  formation  of  an  acrylic  layer 
where  the  foam  contacted  the  N20‘f  The  acrylic  layer,  formed  at  the  edge  of 
the  foam,  was  charred  by  the  fire  and  formed  floating  islands  of  carbonized 
acrylic  which  were  pushed  into  the  corners  by  the  advancing  foam  front.  This 
carbonized  acrylic  absorbed  the  fuel  and  sustained  the  burning.  The  foam  had 
to  establish  sufficient  depth  to  cover  this  carbonized  material  before  complete 
extinguishment  was  achieved.  During  the  fire,  intense  N2O4  vapors  evolved,  as 
evidenced  by  a  brownish-red  cloud  above  the  pan  and  a  highly  visible  plume  down 
range.  Once  the  fire  was  extinguished,  vapor  control  achieved  by  the  foam  was 
equivalent  to  a  spill-only  situation. 

Analysis  of  this  data  plotted  in  Figure  16  gives  a  design 
application  rate  of  150  ft^/min  or  3  ftVmin/ft^.  The  flat  portion  of  the 
curve  is  well-defined  due  to  consistency  of  the  data  points.  A  minimum 
application  of  110  ft^/min  is  shown,  but  this  can  only  be  considered  an 
approximation  because  the  upper  portion  of  the  curve  can  only  be  estimates. 
Table  8  gives  the  data  for  this  series  as  well  as  the  N204/tire  series. 


TABLE  8.  HIGH-EXPANSION  FOAM  TESTS--N20^  SUPPORTED  FIRES. 


Test 

no. 

Date 

Fuel/ 

NjO* 

Appl i cat  ion 
rate 

(ft^/fflin) 

Extinguisiment 

time 

(min-s) 

Comments 

H-10 

4/16 

Diesel 

118 

1-41 

Frothing  interfered 
with  ignition 

H-8R 

4/16 

Diesel 

142 

1-48 

H-9 

4-15 

Diesel 

236 

1-05 

1-16 

4/23 

Diesel 

142 

2-04 

14-hour  soak 

K-26 

4/16 

Tire 

142 

2-30 

L-26 

4/23  I 

Tire 

142 

1-10 

j 

14-hour  soak 

47 


b.  Nitrogen  Tetroxide  and  Tires 

Two  fire  tests  were  conducted  with  tires  exposed  to  N204.  In 
each  test,  one-half  of  a  commercial  truck  tire  casing  was  placed  in  a  50  ft2 
pan  and  30  gallons  of  N2O4  added.  A  small  amount  (2  gallons)  of  heptane  was 
placed  inside  the  casing  to  assist  in  ignition.  The  first  fire,  Test  K-26,  was 
ignited  and  allowed  to  burn  long  enough  to  consiine  the  heptane  and  provide  a 
well-developed  fire  in  the  casing.  Foam  was  then  discharged  into  the  pan  at  a 
rate  of  142  ft^/min.  It  was  difficult  to  determine  if  the  presence  of  the  N2O4 
contributed  significantly  to  the  fire  intensity.  Extinguishment  time  was 
2  minutes  30  seconds,  which  was  the  time  necessary  to  build  sufficient  foam 
depth  to  cover  the  tire  casing. 

The  second  test.  Test  L-26,  was  identical  to  Test  K-26,  except 
that  the  tire  casing  was  left  in  contact  with  the  N2O4  overnight.  In  the 
14-hour  period,  the  free  N2O4  boiled  off.  The  tire  and  the  N2O4  reacted  to 
produce  a  gummy  coating  on  the  casing.  This  material  produced  wisps  of  red 
vapor  froim  the  N204  even  after  14  hours  of  aging.  When  the  tire  was  ignited, 
the  gummy  material  burned  much  more  intensely  than  the  tire  itself.  This 
material  was  rapidly  consumed,  leaving  the  residual  casing  to  burn  in  a  typical 
manner.  The  extinguishment  time,  1  minute  10  seconds,  was  shorter  for  this 
test  than  for  Test  K-26,  This  may  be  due  to  the  absence  of  free  N2O4  which 
normally  contributes  to  foam  collapse.  As  with  the  diesel  fuel,  no  spontaneous 
ignitions  occurred  nor  was  there  evidence  of  severe  reactions  in  the  fire 
sequences.  The  data  from  these  tests  are  plotted  in  Figure  16  and  presented  in 
Table  8. 


c.  Nitrogen  Tetroxide  and  Wood 

For  the  fires  involving  wood,  the  fire  test  procedure  for  high- 
expansion  foam  using  Class  A  combustibles  given  in  paragraph  A-l-10.5(a)  of 
NFPA  Standard  llA  was  chosen.  In  this  test,  the  foam  must  flow  for  12  minutes 
within  an  appropriately  sized  enclosure  before  reaching  the  specified  wood 
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pallet  fire.  A  1,500  ft^/min  foam  generator  was  chosen  to  facilitate  a  large- 
scale  realistic  test.  The  pen  size,  as  shown  in  Figure  17,  was  set  at  15  feet 
wide,  120  feet  long,  and  10  feet  high  as  dictated  by  NFPA  llA.  The  pen  was 
constructed  of  a  frame  of  two-by-fours  covered  on  the  sides  and  back  with  heavy 
clear  plastic.  The  last  20  feet  of  the  pen,  where  the  fires  took  place,  was 
constructed  of  sheet  metal  (sides,  floor,  and  rear  wall).  This  procedure  was 
modified  for  two  tests  of  this  series  by  placing  a  pan  charged  with  N2O4 
beneath  the  stacked  pallets  (Figure  18). 

Extreme  difficulties  were  experienced  in  attempting  to 
extinguish  these  fires.  The  foam  appeared  to  flow  adequately  during  the 
calibration  test  to  determine  flow  and  timing.  In  subsequent  tests,  however, 
difficulty  was  experienced  when  foam  reached  the  mark  which  was  calibrated  on 
the  pen  at  9  minutes  (usually  between  80  and  90  feet  from  the  foam  maker). 

Either  through  gelling,  drainage,  or  both,  the  foam  lost  its  fluidity  and 
stopped  moving.  In  Test  0-27,  even  with  a  10-foot  head,  the  foam  would  not 
move  beyond  the  9-minute  mark.  Fire  control  was  achieved  in  Test  0-26  in 
22  minutes;  this  test  was  hampered  by  winds  disrupting  the  foam  continuity 
(Figure  19).  In  a  third  test  (N-30),  a  following  wind  assisted  in  driving  the 
foaTi  the  full  length  of  the  containment  (Figure  20).  In  this  test,  the  wood 
cribs  were  covered  with  foam  and  the  visible  evidence  of  the  fire  eliminated  in 
17  minutes.  As  is  the  usual  case  with  the  NFPA  standard  llA  test,  the  wood 
continues  to  smolder  beneath  the  foam  blanket  and  fire  control  rather  than 
complete  extinguishment  is  the  measured  result. 

The  presence  of  the  N20^  vapor  appeared  to  accelerate  the 
combustion  of  the  wood.  Visibility  is  restricted  within  the  enclosure, 
particularly  in  the  fire  zone;  whether  or  not  the  NiOi*  affected  the  foam 
behavior  could  not  be  determined.  Thermal  currents  and  wind  effects  were  the 
predo<ninant  influences  in  determining  the  movement  of  the  foain  within  the  pen, 
especially  within  the  last  20  feet  of  the  pen. 

As  with  the  diesel  fuel  and  tires,  one  test  (0-27)  involved 
aging  the  combustible  wood  pallets  in  contact  with  pallets  on 

the  bottom  of  the  stack  were  exposed  directly  to  the  N2O4.  A  small  amount  of 
heptane  was  used  to  assist  in  ignition.  This  test  was  one  in  which  foam  failed 
to  flow  properly.  No  attempt  was  made  to  extinguish  the  fire  by  other  means, 
and  the  pallet  fire  burned  to  completion.  An  investigation  of  the  fire  residue 
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Figure  19.  Effects  of  Wind  on  Foam  Migration. 


Figure  20.  Movement  of  Foam  Through  Pen. 
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showed  that  the  N2O4 -exposed  wood  had,  in  fact,  not  burned  to  the  same  degree 
as  the  unexposed  wood  in  the  fire. 

The  data  obtained  in  these  tests  show  that  the  vapor  sup¬ 
pression  foam  is  effective  in  controlling  Class  A  fires  if  the  foam  can  be 
discharged  to  the  fire.  However,  in  these  tests,  the  foam  exhibited  a  stiff¬ 
ness  and  a  tendency  to  dry  along  the  forward  edge  of  the  foam  mass,  generally 
preventing  it  from  reaching  the  fire.  Wind,  ambient  temperature,  and  the 
roughness  of  the  pen  floor  may  have  also  had  varying  effects  on  the  foam 
migration.  Clearly,  however,  the  foam  characteristics  are  such  that  they  are 
not  consistent  with  the  NFPA  llA-designed  test  requirements. 

The  last  test  conducted  was  Test  A-18.  A  50  ft^  pan  was 
charged  with  30  gallons  of  N20^.  Six  feet  above  the  pan,  a  spray  nozzle  was 
suspended  and  attached  via  1/4-inch  stainless  steel  tubing  to  a  5-gallon 
pressurized  container  of  A-50  10  feet  from  the  pan.  A  solenoid  was  placed  in 
this  line  next  to  the  A-50  container  and  connected  to  a  solenoid  power  box 
80  feet  away.  Fifty  ^eet  further  away  was  the  generator  powering  the  solenoid 
power  box.  The  solenoid  control  box  was  200  feet  further  from  the  power  box  at 
the  trailer;  thus,  the  closest  personnel  during  this  test  were  approximately 
280  feet  distant.  Because  of  problems  encountered  with  equipment  and  apparatus 
during  preparation,  the  N20^  was  foamed  four  times  in  the  hour  before  the  A-50 
release,  the  last  time  being  3  minutes  before  the  first  A-50  stream  (spray 
discarded  due  to  plugged  nozzle).  The  first  release  of  the  A-50  produced 
immediate,  violent  ignition  of  the  A-50  streain--a  stream  dropping  into  the  N2O4 
pan  of  the  approximate  size  and  velocity  of  a  water  pistol.  A  violent  orange- 
white  flame  1  foot  in  diameter  and  5  feet  high  was  produced.  After  20  seconds, 
the  A-50  stream  was  stopped  and  the  fire  immediately  ceased.  Ten  seconds 
later,  the  stream  was  again  activated  with  the  same  results.  The  procedure  was 
then  repeated  several  times  with  identical  results.  Ignition  and  ccmibustion 
sounds  were  very  loud,  similar  to  those  produced  by  a  rocket  engine. 

Because  of  the  violence  of  this  reaction  and  the  setup 
difficulty,  it  was  determined  not  to  proceed  with  Test  A-21  (N2O4  drip  into 
A-50  pan).  This  decision  was  based  on  safety  factors  and  the  violence  of  the 
hypergolic  reaction  as  evidenced  in  this  test.  If  the  foam  had  any  suppressive 
effect  on  the  ignition  and  combustion  resulting  from  this  test,  it  appeared  to 
be  minimal . 
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SECTION  V 

CONCLUSIONS  AND  RECOMMENDATIONS 

A.  CONCLUSIONS 

1.  The  acrylic-modified  foams  consistently  extinguished  50  and  52.5  ft^ 
fires  of  the  complete  hydrazine  series  and  also  fires  of  other  combustibles 
supported  by  nitrogen  tetroxide.  The  foams  appeared  to  give  repeatable  and 
predictable  results  under  a  variety  of  different  test  parameters. 

2.  The  performance  of  the  AFFF  and  ARC  foams  was  respectable.  While 
extinguishment  times  were  generally  longer  than  with  the  acrylic-modified 
foams,  burnback  qualities  were  acceptable.  Very  visible  vapor  percolation 
occurred  with  these  foams  leading  one  to  believe  that  the  absence  of  a  sur¬ 
factant  additive  prevented  these  foams  from  being  effective  vapor  control 
agents.  The  overall  sealability  of  these  foams  was  poor  in  comparison  to  the 
sealability  of  tlie  acrylic-modified  foams. 

3.  Sufficient  extinguishment  data  was  derived  from  several  scenarios 

to  establish  desired  foam  performance  parameters  for  the  purpose  of  developing 
a  Military  Specification. 

4.  While  visible  evidence  more  than  amply  indicated  that  the  acrylic- 
modified  foams  were  effective  against  Class  A  combustibles,  the  foam  did  not 
migrate  sufficiently  within  the  foam  pen,  as  described  in  NFPA  llA,  to  pass 
that  particul ar  test. 

5.  The  h^razines  did  not  appear  to  be  as  difficult  or  hazardous  to 
handle  as  previous  data  had  indicated.  Of  24  drutis  burned,  1  spontaneous 
ignition  occurred.  If  additional  or  qualification  testing  of  these  or  other 
foans  are  to  be  conducted  in  the  future,  the  facilities  at  NTS  can  accommodate 
such  testing.  However,  improvements  in  pan-filling  procedures  must  be 
considered.  The  application  of  these  foams  against  hydrazine/N20i,  mixtures 
should  not  be  considered  for  testing  at  NTS,  as  adequate  facilities  for  the 
explosive  nature  of  this  testing  do  not  exist. 
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6.  While  the  test  series  did  not  include  comparisons  of  the  acrylic- 
modified  foam  extinguishment  performance  and  disposal  potential  with  that  of 
water,  all  visible  notations  would  seem  to  indicate  a  vast  superiority  of  the 
foam.  A  cost  analysis  can  be  performed  comparing  extinguishment  of  hydra<ine 
and  N20^/  diesel  fuel  fires  using  the  acrylic-modified  foams  with  extinguish¬ 
ment  of  these  materials  using  water.  The  scenario  developed  for  the  extin¬ 
guishment  of  hydrazine  assunes  the  following: 

a.  A  50  ft^  fire  in  a  contained  pan  with  55  gallons  of  MMH. 

b.  Water  extinguishnent  occurs  by  the  dilution  of  hydrazine  below 
its  flammable  limit. 

c.  The  amount  of  water  necessary  to  extinguish  a  MMH  fire  is  3  gal¬ 
lons  of  water  per  gallon  of  MMH.  This  assumes  that  MMH  requires  a  slightly 
greater  amount  of  water  to  extinguish  than  does  UDMH  (2  gallons  of  water  per 
gallon)  (References). 

The  scenario  developed  for  the  extinguishment  of  a  diesel  fuel/N20it 
assumes  the  following: 

a.  A  50  ft^  fire  in  a  contained  pan  with  30  gallons  of  N20^ 

30  gallons  of  diesel  fuel. 

b.  Water  extinguishment  of  N2O4  occurs  through  the  dilution  of  the 
oxidizer  to  the  extent  that  it  no  longer  supports  combustion.  Then  the 
remaining  air-supported  fire  is  extinguished  with  AFFF.  The  amount  of  water 
necessary  to  extinguish  a  N204/diesel  fuel  fire  is  10  gallons  per  gallon  of 

N2O4. 

c.  Before  extinguishment  is  complete,  75  percent  of  the  diesel  fuel 

is  burned. 

In  both  scenarios,  the  amounts  of  foam  necessary  for  extinguishment  are 
based  on  actual  test  data  contained  in  this  report.  Following  extinguishment 
of  hydrazine  with  foam,  the  foam  is  removed  and  disposed  of  as  a  hazardous 
waste  and  the  remaining  hydrazine  burned  off  in  a  controlled  burn,  while  the 
entire  volume  of  hydrazine  and  water  is  disposed  of  as  a  hazardous  waste. 
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Following  extinguishment  of  N2O4  with  foam,  the  entire  volume  of  foam  and 
N20^/diesel  is  disposed  of  as  a  hazardous  waste,  as  is  the  entire  volume  of  the 
water-extinguished  N204/diesel.  For  cost  comparison  purposes,  disposal  costs 
are  estimated  at  $6  per  gallon  of  contaminant.  This  figure  was  given  by 
Captain  Jim  Betshart  of  the  Chemical  Systems  Branch  of  the  Air  Force  Space 
Division  (HQ  SD/CFPE).  Based  on  the  above  conditions  and  assumptions,  a  cost 
analysis  revealed  the  results  contained  in  Table  9. 


TABLE  9.  RESULTS  OF  COST  COMPARISON  BETWEEN  EXTINGUISHMENT  OF  HYPERGOLIC 
FUELS  OR  OXIDIZERS  WITH  ACRYLIC-MODIFIED  FOAM  AND  WITH  WATER. 


Fuel 

Method  of 
extinguisiinent 

Waste  disposal 
costs  ($) 

Materials 
costs  ($) 

Manhour 

costs 

Total 
costs  ($) 

MMH 

rtd  tor 

1320 

- - 

Included 

1320 

MMH 

Low-expansion 

foam 

31 

9 

40 

80 

MMH 

! 

High-expansion 

foam 

22 

7 

40 

69 

N204/Diesel 

Water 

1980 

j 

Incl uded 

1980 

N204/Diesel 

High-expansion 

foam 

284 

17 

Included 

301 

a 


Two  men  for  Z  hours  at  $10  per  hour  for  conducting  controlled  burn. 


B.  RECOMMENDATIONS 

1.  This  report  should  be  made  available  to  all  users  of  the  hypergolic 
propellants,  h^idrazine,  and  nitrogen  tetroxide.  The  test  results  clearly  indi¬ 
cate  the  superiority  and  effectiveness  of  the  acrylic-modified  foams  which  were 
tested,  while  the  theoretical  cost  comparison  developed  in  paragraph  6  of  the 
conclusions  evidences  the  significant  cost  advantages  of  the  foams. 

2.  The  proposed  military  specification  (Appendix  G)  should  be  processed 
in  an  expeditious  manner.  The  present  need  to  field  hypergolic  vapor  control 
and  fire  suppression  foams  is  considered  urgent. 
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3.  For  future  fire  testing  of  the  hypergolic  propellants,  either  singly 
or  together,  foremost  consideration  should  be  given  to  using  the  facilities  at 
the  Kennedy  Space  Center.  If  these  facilities  cannot  be  made  available  and  NTS 
must  be  used,  hydrazine  testing  should  incorporate  a  safe,  remote  pan-filling 
procedure,  and  combination  testing  should  not  be  attempted. 

4.  Candidate  foams  which  are  tested  and  judged  to  meet  the  Military 
Specification  requirements  should  be  further  subjected  to  large-scale  fires 
with  the  intent  of  studying  hardware,  large-scale  application  techniques,  and 
logistical  approaches. 
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HO,  POLY  RES  HOH 


ROHM  ma  Hnns  company 

C0*^0«AT8  '  ^OOUCT  WTJQHITY  OirAATMIHT 

CMiNCCNCY  TtLIPHONI  mA/ii  1 

IMOCrCNOCN<  ..  AUU  W)3ST 

jt;'6ij-jooy  woHM  ANO  HAAS*  | 

miLAOtirwiA  PA  IIIOS 

HAZArtC  rating 
/•lXTK€v€ 

IS":*''  ais-' 

0«INSIONI^ICaNT  \  V 

•«s«i  SiCTtCN  w 


IC1Q7 


MATERIAL  SAFETY  DATA  SHEET  hazardous 


MATtriAi 

cooc 

J'-EV 

DOT  HAlAf:)  CLAS5 

AOUSOL®  ASC-60  Thickening  Agent 

61611 

904168-1 

NOKRJEGULATrO 

OAVC  issue D 

1 

06/27/85 

rOAWXA 

jHot  >tyXlc^lg 


CHIUICAL  NAMa  OA  SYNONYMS 

Aquaous  acrylic  aaulslon 

- 


COMPOSITIONAL  JNPORMATION 


1 

APf«OX  WT  \ 

1  TWAfTLV 

CAS  R£G.  KO. 

RLH 

OS  HA 

ACGIH 

N0HHA2 

27-29 

KE 

NE 

NE 

Ion  X) 

NOT  REQ 

C.l  r^ax. 

NR 

NR 

NR 

NOMHAZ 

71-73 

KE 

NE 

NE 

Acrylic  copolyoar 
Rosidual  Boocoaris 
Watar 


n  PH YSlCM.  PPOPERTY  INFORMATION 


APPCAiUMCZ  •  OOOA  •  pK  1 

Hilky  white  liquid?  mild  acrylic  odor;  pH  2. 1-4.0  | 

vitCOfITv 

5000  cps  5>w- 

wtkTiiM  on  nmiM)  rctNT 

OC/32F  water 

BOIklNO  POINT 

100C/2i2P  water 

VAPOK  PPESSUAE  Liwi>  Hgt 

17  20C/68F 

VA»OP  IXHSITY  lAlA*  W 

Less  than  I,  water 

tOCUaiilTY  IN  WATW 

Dilutable 

PUeZMY  VOLaYIU  av  WIIOHT1 

71-73  water 

tVAPORATlOH  MATE  (SUTYL  ACITATL*!] 

Less  than  1/  water 

L 

.11  -  FmE  AND  EXPLOSION  HAZARD  INFORMATION} 

GSSSS&HRHiiMHi 

IONITION  TIMPtPATUHl  {lOWU  IXPLOStON  LIMIT  (\i 

NA  m 

upptp  explosion  limit  nu 

KA 

IXTiNOUttNIW*  MlOiA 

AOAM  m  'AiCOWX' 


fOAM 


sA%ciAi  rim  rioHTiM  ntoctouas 


wona 


0«Y 

CHEMICAL 


n 


WATsn 


U. 


UNUVUM  riM  AMO  tXr\.OtlON  NAZaAOS 

jKatarUd  can  qplattar  abova  100C/212F.  Polyoar  filo  can  burn. 


~\\V  -  HEALTH  HA7-ARD  INFORMATION! 


ROfM  AJO  NAAt  MiCOMAKNOftO  WOW  rVACt  lAAOSUM  LIMlY| 


irrtCTf  or  ovowxrosum 

XnhaXtMoni  Vapor  or  slit  can  causa  headacha,  :xau$aa,  and  irritation  ot  tha  nosa,  r>'.oat  and 
lungs. 

[Skin  Contact >  Irritating  to  skin  upon  repaatad  or  prolonged  contact. 

Cva  Contact!  Slightly  irritating  to  eyas. 


fiMfuemcY  AND  rifirr  aio  mocxduws 

Inhalation  *  Mova  lubjact  to  fraih  air. 


igya  and  Skin  Contact!  Flush  eyas  with  a  large  amount  of  water  for  at  Iwst  15  minutes, 
^ysi'iian  it  irritation  persists.  Hash  affected  skin  areas  with  soap  and  water. 


$oa 
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CO^CITtONS  TO  AVOID 

•raturos  over  177C/350P. 


HAZAfCQM  OtCQU^StTlOK  MOOUCTf 

NA 


OOWXTIOMS  TO  AVOlO 


T8WAU  TO  AVOia 
OTMW  HA 


ramcapr: 


STfFt  TO  M  TAIt«i  IN  CAM  MATVIIAL  It  MtlAtfO  ON  tf  (LllD 

KMp  spcctatcrt  my*  Floor  nay  b«  sllppary;  us«  car*  to  avoid  falling.  Oik*  and  contain 
spill  Nith  lAftrt  aatorial  <a*9.#  aandf  aarth).  Transtar  liquid  to  containars  for  racovary  or 
disposal  and  solid  dikirg  aatarial  to  saparata  containars  for  disposal,  Kaap  spills  and 
claani&g  runoffs  out  of  aunicipal  savors  and  opan  bodias  of  water. 

yis^  Toslcltyt  rroduot  is  noo-tosic  to  fish,  fathead  sOjmoVf  LC50  (96h)}  >1000  pps;  daphnia# 
LC50  (iah)  >1000  $fm. 


WASTt  OlMOiAi  MtTNOOt 

coagulata  tha  Mulsion  by  tha  stapvisa  addition  of  ferric  chloride  and  liaa.  Raaova  the  clear 
suparaataat  liquid  and  flush  to  a  chiolcal  savor,  landfill  the  solids  and  tha  contaminated 
to  local#  state,  and  fadaral  regulations.  _ 


VCNTIUATION  Tfn 

Machanical  local  aihaust  vaotilatioa  at  point  of  contaainant  ralaaia* 


MMiAAToer  moTieTiON 

Kona  raquirad  If  good  rontilairioci  is  ■atntainad,  Ov  isa#  waar  salf-containad  braathing 
apparatus  <prossura-daaand,  NSau/hI0S8*approvad  or  aquivalant). 


HIOTMTtVt  MOeaS  IVf  MOTVetlON 

Xi^parvious  Qaasleal  splash  gogglas  (ANSI  £*-07.1  or  approvad  aquivalont) 


on«  )crt\a  iouihmnt 


ANDiiNQ  INFORMATION 


I  mt  FaON  FSmitfO— FCOOUCT  KAT  COAOULATE, 


,  oral  LD0Ot 
p^it#  daraal  U>S0t  >5^0  g/kg 
Rabbit#  iklA  irrit4»Uoak  aildly  irritating 
Rabbit#  aya  irritatioat  lAOOUsaquantially  irritating. 


-  MiSCCUAWeOUS  JNfOWMATlOW 


yOTf t  inmiinaar  vapors  can  ba  avolvad  whan  product  is  haatad  daring  processing  operations,  in 
such  a  casa#  uta  local  eshaust  ventilation  with  .n  alninuii  capture  velocity  of  100  ft/mln.  (^0 
a'ain*)  at  tha  point  of  fwar  avoluticei.  Refer  to  IivlustrUl  Ventllationi  A  Kanual  0f_ 
RecoaBwuidad  fractica  publishad  by  tha  Aaarican  Cotifarance  of  Orvernaental  industrial 
HygieciitS. 

fO<yTV^3^ng_,tp._f?y?IOit  It  llt-not  established)  HOT  R£0  or  requUad. 


.  ^OT  AmiCAlU 
•  oiiiues  VMUS 


ev  tmum  •*!*■  e  SMse  (t*  oau  ewwae 

t'cvMnt  Me«c«4^  et  o«  tAVD 

104  AKuMtt  U  ^«S  SAtS  e«  M  AlAAtl  r«  H  t>e 

v«t 


««-»  1.441  eC»W4"  ^l#\4l«iir*  l(4|C444 

MijAi  ««C»4irv  1^  <tv«tA  VHIM  (W  t%M»  *4irti 

CKrltO  tiicw  OK  V44«» 

4441  4|<0<u>tO  t44  g*|  li#  l«4  un«4M. 
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HO,  POIY  RES  HOH 


ROHIV;  RND  HRRS  COMPPNY 

CO*^0*4ATI  iXTtOUlTV  CXAa^TMINI 

-MOC^NOCNCK  MAiv  WC$T 
■NH,AC5<lWrA.  FA  1*195 


EMERCeNCv  TClCPhONC 
2I5-597O00-7  IROmm  ANO  haa&< 
*lC-424-t30C  iCHEMTRtO 


HAZAftO  RATING 

4*CXTRCME 

3»hiCm 

lassa 

OONSlONIfiCANt 

'»SS(  SCCTIOM  iv 


MC107 

LISTS 


MATERIAL  SAFETY  DATA  SHEET  hazardous 


MATERIAL 

coot  I 

i^EY 

OOT  HAl*»-.0  CLASS 

ACRTSl^L*  ASE-95  Thickening  Agent 

65381  1 

905357-9 

HOKREGULATED 

date  ‘SSUED 

1 

1  06/27/05 

rORMlAA 

tXot  available 


CHiMICAL  name  OR  SYNONYMS 

Aqueous  acrylic  emulsion 


-  COMPOSITIONAL  INFORMATION) 


1 

AFFROX  WT  %  j 

I  TWAfTv' 

CAS  REG.  NO. 

RtH 

OSHA 

ACGIH 

NONHAZ 

19-21  ! 

NE 

NE 

NE 

NOT  REQ 

0.1  max. 

HR 

HR 

HR 

NONHAZ 

79-81 

HE 

HE 

HE 

[Acrylic  copolymer 

IRdsldual  monooers  (See  Section  X) 

Iwater 


111  ~  PHYSICAL  PROPERTY  INFORMATION 


AFFiARANCt  •  OOOR  *  pH. 

kilky  whit#  liquid?  Toild  acrylic  odor?  pH  2. 1-4.0 

VISCOSITY 

6000  cpS  max. 

ROlLINC  FOINt 

100C/212P  water 

VaFQK  FRESSORL  Imn. 

r  20C/68P 

VAFOR  density  (AIR*  11 

Less  than  X,  water 

FtRCIMT  volatile  ^Y  \v*iOHTT 

79-81  water 

SFCClftC  CRAVITY  IWATER.U 

1. 0-1.2 

(VAFORaTiON  rate  (&UYYL  ACETATE.  U 

Less  than  1,  water* 

[11  -  FIRE  AND  EXPLOSION  HAZARD  INFORMATION! 

|cS2E&3MMBBB 

UFFSrt  IXFLOStON  limit  ru 

HA 

txTINOOttHlHO  MOIA 

□  '»“  . __ 

IFtCIAA  EIM  FlUHTlNa  F«0CCCU4S 

None 

LMUtUAi  PIM  AM}  EXFVOtlON  HAXAROS 

Material  can  splatter  i»bove  100C/212P.  Polymer  film  can  burn. 

’|  IV HEALTH  hazard  INF ORMATIQN 


kOMM  AMO  MAA4  ■•COkiM4kC«t>  WOMA  FVACf  l)lFOSl.«4  .IMIT* 


MMCTI  Ot  QVMXFOtUM  \ 

Inhalation!  Vapor  or  mist  can  cause  headache,  r^usea,  and  i:  rlta*.  ion  of  the  ncse.  throat  and 


lungiA 

iSkln  Cohtect!  Irrltatln9  to  >Kl..  upon  repeated  or  prolonged  vontact. 


Kye  intact t  SUght'v  Irritating  to  eyes. 


|ia«OIMCY  aM3  *tAiT  AlO  r*OCiCUII||t 

Inhalatlont  Move  subject  to  fresh  air . 

igye  aM  SKln  Contact i  flulh  eye*  eith  a  let 9*  amount  of  water  for  at  lea’t  IS  cUnutei.  See 
phyaiclah Tf^lr ritatlon  p^ralsta.  Vath  affected  skin  areas  with  soap  aivl  water. 
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'  -  REACTIVUY  INfOKMATION 


COMOlTIONt  TO  AVOID 

•ratuTM  ov€r  i77c/350r. 


M^AJIOOUf  OgeOWSITiON  MIOOUCTt 

XA  


CONDITIONS  TO  AVOID 

XA 


INCOI^ATlOaiTY J^TMIAIS  TO  AVOIOI 
XA 


-  SPILL  OR  LEAK  PROCEDURE  INFORMATION 


STtff  TO  M  TAiC»<  IN  Cam  matwial  is  acuascd  on  tf  laio 

XMp  spACtAtors  Avay.  Floor  may  bs  sUppory;  u$«  care  to  avoid  fallin?.  Dike  and  contain 
spill  vith  inort  aatarial  (1*7* ,  sand,  aartb).  Transfar  liquid  to  containars  tor  racovory  or 
disposal  and  solid  dlAing  matarial  to  stparata  containars  for  disposal.  Aaap  spills  and 
claaning  runoffs  out  of  Municipal  savers  and  open  bodias  of  water. 


WAST«  oit^oSM  Mrmoos 

Coagulata  tha  amulsion  by  tba  stapvlst  addition  of  ferric  chloride  and  lima.  Remove  the  clear 
supernatant  liquid  and  flush  to  a  chemical  sawar.  LaMfill  the  solids  and  the  contaisinated 
diXing  Material  according  to  local#  state,  and  federal  regulations.  _ _ 


ORMATiON 


VIHnUAtlQN  Tve* 

Hecbanieal  local  aahaust  ventilation  at  point  of  contaminant  release. 


MVHUTomr  seonerioM 

Xonc  '  it  good  ventilation  is  maintained.  Otherwise,  veer  self<^ontained  breathing 

apps  *tus  (pressure-deMand,  )lSlU/JiXOSH--approvBd  or  equivalent). _ 


fnortcTivt  mevss  tvt  iniqtiction 

Impervious  CheMical  splash  goggles  (AXSX  z-67,1  or  approved  equivalent) 


PaECAUTlOUAJtT  LAMLIXGJ  MIP  FSOt  FRraiKG--PRODUCT  HAT  OQACOUtC.. 


yOTfl  vapors  can  be  evolved  when  product  li  heated  during  processing  operations.  In 

such  a  case,  use  Iok^aI  exhaust  ventllatioA  vith  a  minimum  capture  velocity  of  100  Ct/ain.  <30 
a/mli:.)  at  the  point  of  MonoMer  iwlutlon.  Refer  to  Industrial  VeAtiletiont  a  Manual  of^ 
ReccMMended  Fractlce  published  by  the  American  Conference  of  Governmental  industrial 
xygleoists* 

poonfiyns  10  stexxox  n  XC^t^nons  establlsheli  xot  REO  or  KK-not  required. 


/MATERIAL  SAFETY  DATA  SHEET 

COAPOIUTC  RESEARCH  &  DEVELOPMENT 
120  ERIE  BOULEVARD 
SCHENECTADY.  N.Y.  1230S 


NO - L26 _ 

HYDRAZINE,  ANHYDROUS 

OATC  June  1984 


SECTION  I.  AAATERIAL  IDENTIFICATION 


MATERtAL  NAAAE:  HYDRAZINE,  ANHYDROUS 

OTHER  DESIGNATIONS:  Diamine,  CAS  #C00  302  012,  NII.NH 

MANUFACTURER:  Available  from  several  suppliers,  fncludlni^: 

Olln  Chemicals  «  , 

T  j  Tel:  (203)  356-24/3 

120  Long  Ridge  Road 

Stamford,  CT  06904 


SECTION  II.  INGREDIENTS  AND  HAZARDS 


Hydrazine 

*ACCIH  TLV  (1983);  listed  as  an  industrial  substance 
auapacced  of  carcinogenic  potential  for  man. 

OSHA  PEL  la  I  ppn  or  U3  mg/m^. 

NIOSH  (1978)  haa  recommended  a  celling  level  of  0.03  ppra 
or  0.04  mg/mJ,  determined  by  any 
2-hour  sample. 

Hydrazine  and  aalta  arc  carcinogenic  In  mouse  and 
rat  tests.  lARC,  Vol  4,  pp.  127-136  (1974). 

Possible  fecal  malformation  has  also  been  reported. 


% 


ca  99 


HAZARD  DAI  A 


8-hr  TUA  ().l  ppm  or 
O.l  mg/m'^  (skin)* 

Rat .  Inhalation 
LC3Q  S70  ppm/4H 

Mouse,  Oral 
TOLo  1951  ag/kg/2Y. 
Neoplastic  Effects 
R.ibblt.  Skin 
LOso  91  tng/kg 
Mouse,  Intra|>erltone|il 
L’>50 

T}:krctKozcRic*^ef!ec!:fc> 


SECTION  III.  PHYSICAL  DATA 


Specific  gravity,  25/4  C  — — -  1,004 

Melting  point,  deg  C  - — -  1**1 

Viscosity  at  25  C,  cp  -  0.90 

Molecular  weight  - - - -  32.06 


Bolling  point,  I  aca,  deg  C  -  113,5 

Vapor  prcaaure  at  20  C,  nm  Hg  — —  10,4 

Vapor  density  (H^O-l)  - - — -  l.l 

Solubility  in  water  — — — —  Miscible 

Appearance  4  Odor:  Colorless,  fuming,  hygroscopic  liquid  with  an  amnonla-llke,  penetra¬ 
ting  odor.  Threshold  odor  cone.:  3-4  ppm.  Sense  of  s:;4cll  can  be  desensitized  rapidly; 
mot  considered  to  have  good  wacnlng  properties.  Take  immedlnte  protective  action  If 
odor  or  Irritancy  detected 


SECTION  IV.  FIRE  AND  EXPLOSION  DATA 


>100  f  (TCC) 


varies  wltK  surface* 
0,74-518  F 


1,1  Ai. 


Z  by  volume 


lower 


4.7 


Upper 


100** 


ExVlni^lshlng  media;  Water,  dry  chemical  ant^  carbon  dioxide  can  be  used  on  small  fires. 
Flooding  amca.  of  water  needed  to  prevent  re-lgnltlon  (cool  surroundings,  raise  FI.  Pc.) 
Fight  fires  from  safe  distance  and  protected  location.  Use  -ater  spray  to  cool  fire-  , 
exposed  containers,  to  disperse  vapors,  and  to  dilute  spill  -  to  nonflawnable  mixtures. 
iVapor  la  highly  flammable  4  a  severe  explosion  hazard  with  oxidizers  or  on  huatlng. 
Firefighters  need  self-contained  respirator,  eye  protection  and  full  protective  clothing. 
BTroo  oxide  catalyzes  reaction  wltlt  air  at  74r;  stainless  .steel  at  313  F;  glass  at  518  F, 
asHot  hydrazine  vapor  can  undereo_ex^o thermic  degradation  in  of  iMT.  - 


SECTION  V.  REACTIVITY  DATA 


iThla  raacclva  chemical  la  stable  In  suitable  closed  containers  at  room  temperature  under 
Inert  atm..  In  the  absence  of  UV  radiation.  It  does  not  polymerize  and  la  not  shock  or 
friction  asnaltive.  Hydrazine  la  reported  to  be  thermally  stable  •t  250C. 

It  Is  a  weak  base  4  a  highly  active  reducing  agent,  especially  under  basic  conditions. 

It  la  incompatible  with  oxidizing  agente  (Including  air),  acids,  some  metal  oxides  (Fc, 
Cu,  Ho  for  example),  and  tome  metals  (carbon  steel,  copper,  zinc,  316  St,  steel  for 
•jiMpXc);  hypergolic  with  strong  oxidants  (for  example  peioxides,  HHO.,  chromates), 
spontaneous  Ignition  In  air  on  porous  materials  (paper,  wood,  cloth,  asbestos,  dry 

IttiVoip.tlble  with  fUsM.  polvotl.yl.‘nc.  I-IVT.  rCTrE.  ? ' 

stainless  steels,  INCONKL,  ano  cme  as.tr-iwut'fl  conta*  Instlon  1 

[Dog.‘<i«dstlon  products  include  NO^  (oxld  «t  1  vr  *  ;  H2 1  »  6  t.j  (cacslytic). 


GENERAL 


ELECTRIC 


Best  Available  Copy 
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NO. 


126 


SECTION  VI.  HEAITH  HAZARD  INFORMATION 


nv  0.1  PPM  (aklo)  (See  Sect  II) 


s  polsonoue,  very  toxic  oy  inteetion,  Inheletioti  end  skin  absorption  (acute  or 


pooure  severest  **>o  pooaible  derMaettis*  00  ppM  iDUr  Is  reported.  Systeolc  effects  can 
iBclude  dixxiiMsa.  amtsea.  convuialona  and  sensimstlon.  Liquid  contact  can  be  corrosive 
CO  clssua*  produciox  penetraclna  ^ms  and  possible  permanent  corneal  opacity.  Systemic 
toxicity ;  Liver,  kidneys  b  blood  forming  system. 

fltST  AID; 

£yg  pr'skin  COotyt;  Immediately  flush  with  running  water!  Continue  eye  flushing  for  ac 
'i!aast~T5ina7"'3^o^udlng  under  eyelids.  Remove  contaminated  clothing  under  safety  shower 
Contact  physician I  Continue  flushing  with  water.  Skin  bvirns  to  be  treated  like  alkali 
or  cheraal  bums. 

Inhalation;  Ramows  to  fresh  air.  Kestore  and/or  support  breathing.  Cont-<ct  physician! 

Kaep  warm  and  at  raat.  Pulmonary  edema  may  occur  from  severe  exposure. 
lOBOSClon:  Promptly  give  2-3  glasses  of  milk,  water  or  citrus  juice  to  drink  and  induce 
waiting.  RepeatT  Contact  physician  I 


SECTION  Vtl.  SPILL.  LEAK.  AND  DISPOSAL  PROCEDURES 


nstltttce  plan,  prepared  with  supplier’s  guidance.  Notify  safety  personnel  of  spills.  Evac¬ 
uees  all  except  trained  clean-up  personnel  «dio  are  protected  against  Inhalation  a  contact 
Usa  optlmmi  exploalon*proof  ventilation.  Remove  sources  of  heat  or  ignition. 

’romptly  dilute  spill  vlth  vatar  spray  to  less  than  40Z  hydrazine  to  control  fire  hazard; 
“"fluah  to  provided  cootaiiwcnt  or  otherwise  contain  and  collect  liquid  a*  may  be  feasible. 
Usa  sand  (not  combMCibla  absorbent)  to  collect  small  spills  and  residues,  a  place  In 
clooed  containers  for  disposal.  Flush  spill  area  with  much  vaw  ,  .  .  .u 

)1SP0SAL:  Follow  Federal.  State,  and  Local  regulations.  2^  so Ins  can  be  decomposed  with 
hypdcKloricc  or  lOX  MjOj.  The  Air  Force  has  used  special  mobile  incinerators  forhydrazlnf 
ofnCta  mixtures  with  wafer  (HOx  evolution),  Open^pit  burning  of  alcohol  solutions  has 
been  renorted.  Dll.  sulfuric  acid  has  been  used  for  ncutrallzat ion  of  aq.  hydrazine. 

ZTA  (RCRA)  HU  No.  is  UI33  CFR  261). 


SECTION  VIH.  SPECIAL  PROTECTION  INFORMATION  .  _ _ 


w  expXot loo-proof  general  and  exhaust  ventilation  to  meet  TLV  (exhaust  scrubber  may  be  ! 
needed).  Uae  enclosed  processes  where  feasible.  Approved  sel f -contained  reB^^lrator 
full  facepiece  can  be  used  In  a  pressure-demand  mode  for  non-routlnr  conditions  to  -Ji/  ;»pm 
or  for  emergenev  escape.  Hoods  should  have  ISO  Ifm  fate  velocity. 
lOSH  recowends  using  a  regulated  work  area,  excluding  unauthorized  personnel, 
se  Imoervioust  body-covering  protection  {robber  gloves,  apron,  boots,  full 
coodlr Iona  require  to  prevent  skin  contact.  Use  rhenlcal  s.i;ccy  goggles  and  fnceshield 
to  protect  eyes.  Contaminated  Impervious  protection  to  be  thorcughly  wa* bed  off  with 

before  t  during  removal.  Cmtarninated  clothing  A  equipment  are  flte  &  health  haz.ard 


Wear  clean  work  clothing.  Shower  after  work.  Control  laundering  and  cleaning  procedure  th 
la  used  for  hydraxl^  contaminated  Items.  Destruction  -f  contaminated  leather  has  been  | 

washing  faciiltica  and  aafety  <:iowcrs  to  be  rcadllv  available  where 
Ity^razlne  la  used  or  handled  or  stored.  *Rutyl  rubber  has  been  recommended. 


SECTION  IX.  SPEOAL  PRECAUTIONS  AND  COMMENTS  _  . 


tore  in  ttanczy  c-iosao  CMitalners  in  a  clean,  cool,  we  1 1 -vent  I  la  led  area  vith  control, 
drainage. *away  from  oxidizing  agents,  acids,  direct  sunlight,  6  sources  of  heait  or 
ignition.  Water  aprinklar-protccted.  shelccrod,  outside  or  detached  storage  preferred, 
Frotecc  containers  from  physical  dasngc;  ground  6  bond  for  transfers  to  prevent  static 
sparks;  Inert  with  nitrogen  atmosphere.  JPcgvcflt.j;flnLAain-3t lon  flf  hYiirAZlAA^^ncrcte 
pads,  dikes,  drains  and  containment  have  been  re commend c*'  for  large  tanks  and  drums, 
tvold  treathlng  i  contact  with  vapors!  Prevent  liquid  cont.^*  t  with  eyes,  skin  or  clothing. 
Do  not  Ingest!  Practlev  good  personal  hygiene.  Wash  well  if ter  handling.  Observe 

Rigidly  follow  proper  handling  requiri-monts .  Obtain  guidance  from  supplier. 

‘li;V.ViSTi"on?"FiyfeV&.E-LIQOlb  l.D.  No. 


MO  Clast:  3.3 
DATA  SOURCKSICOOC: 


LAffiABlV  LIQUID  l.D.  No.  UN2029  Libel: 

I-I2,U,16.I9,  20,23,2S.26,il.37,38,42,A7-4V,S2 _ 


APPROVAiS:  Mti/CRO 


MCCMCAl  RIVItW:  tS  dune  1 984 


CHtnlJl  OA!^ 

(C)  1*^6  by  Van  Ncstrand  Aeinbold  Company,  Inc.  AM  iqhts  reserved. 

CH£?!T0r  atCCRO  ??Ov  LAST  U^DATr  CF  TjifS  .'<eCOJiO:  0:/|9/8o 

CrwO«:Y«i  ^'SnAf'  8,t-0lKc[HYT.Kywf<AZlN  I5er«*nl; 

4Sya  iC  OIMErHYLMYOftAilNr;  ^ N-0 1 rlCTHYcHY DSiAM NC ; 
unsy«“.  ;rtt7«  VtHYOfiAMNE;  1  ,  I tNc  i  MYlHYOAAr  INC; 

UMSYrtMr::  iCAL  «00T  ;  D«H;  DOrtH;  **^5 Y«rtt  I  CAl 


CAS:  57-U-? 

FCRMOLA;  CIHSK? 

CH£n!CAL  CLASS: 


ftTCCS:  rtV?<50«:»‘  •) 

MOL  HT :  60. 12 


PHYSICAL  OcSCAIPTiCN:  CGlOnLCSS  WATERY  LIQUID  WITH  A  FISHY  Oft 
SOiliKu  POINT:  >  6S.S  C  :  t  t 

fiELTlNG  rOIfiT:  2:5.9:  t:  -57.:  C  *7:  F 

Flash  -oisr:  :5s  r  -:s.:  c  4  ;  f 

VAPO.R  PnESSJPE:  157  mm  «25  C 
AUTO  JL'fiiriON:  255  K  -!9.2  .  •,?  F 

•J£l:  95  ::  LtL:  2  2 

:0MTA7I0n  rOr£N:;AL  TeVI:  7,4^ 

vAPCft  CEfiSITY:  1.94  air  =  l 

EPECiPlC  GAhVITV:  0.791  20C 

OEn'S  t  TV:  0.  782 

UATEP  SOLUPillTY:  nI$Cl8L£ 

INCOnPATiaiLlTIES;  OIIOIZERS,  HALOGENS,  flEi^tLIC  HEftCURY.  FUMING  NITRIC 
HYDROGEN  PcROKSE 

reactivity  HITH  WATER:  PYROGENIC  WHEN  IIIIEO  WITH  M20  Source:  THIC 
REACTIVITY  WITH  CCMMOV  MATERIALS:  DISSOLVES,  SWELLS,  AND  0 1 S I N r EGRATES 
PLASTICS 


STAPILITY  during  TRANSPCRT:  So  Oat.* 

NEUTRAL  i;ir:G  AGENTS:  FLUSH  WITH  WATER. 

«'OLYMERI;aTION  fOSSiDillllES.  No  data 

TOXIC  FIRE  CASES:  NOX 
ODOR  DETECTCO  AT  (pp«);  6>|4 

ODOR  DESCRIPTION:  SHARP  AMMONIACAL.  FI-MV  Sourct-;  CHRIS 

\m*  I  ODOR  DETECTION:  No  data 


DOT  HATARO  CLASS:  Flanoabl.  I i Qwi d 
DOT  GUIDE:  28 

.:U!  ID  MUhbER-  UNI  165 

dot  Shipping  Norf:  oimethylhyora;  i?ir, 

ST  CL  M.‘MpeR:  4  9MR210 


liNSrnMElKfCA' 


EPA  WAS  IE  NUMpER:  U09H 

CERCLA  REF:  Y 

RO  DESIGNATION:  X 

CIEA.4  air  ACT:  N 


PI' II Oil  i  i> .  4  ‘/4  I  ij  I 
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Best  Avallabla  Copy 


NffA  COBCSi 

HEALTH  HAZARD  CBLUE):  3 
FLAHHABILITV  (RED)  s  3 
REACriVirv  (YELLOHI:! 


TARSer  ORGAKS;  CHS.  LIVER,  GI.  BLOOD.  RESB  Sr3,  £reS,  SK'.^ 

SVnPTOflS  :  BREATHING  OF  VAPOR  CAUSES  PUI HONRRV  IRSITATtON. 

GASTROINrCSrrKAt  (RRITATTON,  IREHORS  t,  COhYULS: JHS; 
KITH  SKIN  HR  nucous  nmCRANFS  CAUSES  CHEHICAL  BURh  . 
BE  ABSORBED  THROUGH  SKIN  tO  CAUSE  SYSTEHIC 
L  CONVULSIONS.  IRfillATrON  OF  EYES,  '>‘'?'’M£A,  RAi.'  ... 
CARDIOVASCULAR  COLLAPSt.  Sou.-c*:  T.ilC 


SYHPTOHS  !CH.rIS): 

CONC  lOLH:  50  PPH 

PER.1ISSI6LE  EIPOSURE  (OSHAl:  0.5  ppo  SKIN 
CARCI.'iOGEM'?:  T  STATUS:  ANlNAL  POSITIVE 

REFERENCES: 

ANlNAL  POSITIVE  IARC»«  4.I3?.7< 


SU.NA.'J  rOIICITY  DATA:  (Sou.-te:  ‘.’lOSH  RIECSI 


lDCO  (..q.tp):  !0?:  :8S<>  SPECIES:  IPR  r<AT:  ORAL  .NOUSE  (IDLO) 

fPCIECflON  SUGGESTED: 

CH.RIS  liANUAL: 

RUBBER  GLOVES.  SOOTS,  APRON;  PLASTIC  FACE  SHIELD;  GAS  MT-SK  UIIH  ArtMO.NIA 
CANISTER  PROTECTS  FOR  30  nlN.  AGAINST  11  CONCENIRAI  lON.FOR  LOkGE.R  PE.RIOOS 
HIGHER  CONCENTRATIONS,  USE  SELF-CONTAINED  BREATHING  APPARATUS. 

NIOSH  pocket  GUIDE  TO  CHENICAL  HAZARDS 

,•  kEAS-  AP.^-aOPRIAtE  EOUIPNEKI  to  PREVEM; 

Any  possibility  ot  skin  c  on  t • C I . 

..  uSAk  EYE  F-ftOieCTION  TC  PRfV£Nl: 

Anyp0SSlbl!ilv'5i^0'^P‘0^^^f^’ 

t.  CXPOSCO  personnel  should  WASH: 

laopdi^tely  when  sfcin  tecoars  c ont aai na t ed . 

•  •  kO«>  CLOTHIKG  SHOULD  :if  CMAHCED  OaiL»: 

AIL.OUI'  LiNC  VanalJlr  hj«.  not  been  jssignod  j  ..Wm*.  ’err  ..red. 

ft 

«.  RENOVE  CLOIHING: 

l««rdiJtrlY  r»«ove  <nv  clothing  that  hetonpi  -et  to  Avoid  An.  tljAAAbility  hA.-Ard. 


Best 


i0^\0  CopV 
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••  rM£  fOLLOllING  EOUfPnENT  SHOULD  8E  HAOL  AVAILABLE: 
quick  drench. 

*•  BEfEBENCE:  NIOSH 

REC0NHEN9ED  RESPIRATION  PROTECTION  Source:  NIOSH  POCKET  GUIDE  (85-IHI  LCT«  48 
NIOSH  1 1 J -0 1 HE  TMYLHy ORA  TINE) 

Grtattr  it  any  detectable  concentration.  :  /Any  sel f-contained  breathing 
Mtth  full  facepiece  and  operated  in  a  pressure-deaand  or  other  positive 
•ode. /Any  self-contained  breathing  apparatus  with  lull  facepirce  and 
in  a  pressur e-deoand  or  other'  positive  pressure  eode./Any  suoolied-air 
^itr.  a  fui:  facepiece  a.^d  cperacen  sn  sr essi:r e-3e«and  cr  ot^er  positive 
acde  in  cocbination  with  an  auxiliary  se!  f-contained  br  eatr.  i  o.n  apparatus 
in  pressure-deaand  cr  other  positive  pressure  aode.  /  Any  suiipl  i  ed-ai  r 
■-lift  a  full  iaceptece  and  operated  ;n  pr es su.-e-c!e*an^  oNier  positive 
siQOe  in  coaOt  nation  with  an  a;:,  iliary  seir-contained  erfatr.  tnr  apoara'its 
in  pressur e'deeand  or  other  positive  pressure  node. 


ESCAfE:  /Any  ai  r 'pur :  lying  tuil  facepiece  respirator  !r^‘,  nasM  with  - 
cr  frrnt-  cr  bact:~«ounted  canister  providing  proteclicn  aci;-:«t  the 
cr  ccricrrn .  /Anv  a  i  r -pur  t  f  %  ;  ng  iuii  facepiece  respiratc^  ioas  aasJ:i  n;::j 
chin*style  C'  front-  or  bacr-oounier  canister  proviri:  ip  prc;.ct:oi* 
tftv  cc'=pGi«r.c  cf  ccncern.  /»ir.  y  appropriate  escape-tvpt  te  i  i  •  a  i '  e;‘ 
aopar  a  tes  . //*r.y  appropriate  e  scape- se  I  f -c  cr,  t  a  i -led  creat  ;i.c 

FIRST  AID  (NIOSH); 

£f£; 

rLOCO  NITJI  4ATtR  AND  TREAT  A3  ALKhIIK-E 

3>:!«: 

FLOOO  NITh  jfATER  AND  TREAT  m5  ALt:ALlK£  DlJRN. 

INHA:.Ar!0.^: 

REHCVE  VICTIh  FROh  CCNTAhIfiMTEO  AREA,  GIVE  ARTiFICiAl.  REST  !  r'.u  T  i  ON  i 
;r  .‘lEcDcD:  WAT’h  ROR  SIGHS  Of  FULMONAki  E0£«A;  ENFORCE  ADSOLU.-E  REST. 


I N6£S  T i OK: 

DO  HOT  INDUCE  VOHIT.'hG;  HuSFITALI-E. 

l-$  Depart  sent  of  Tr  anspe^r  t  at  i  cn  Guide  to  ha.*  ar  a  ous  Natf'  ;ats  Iranspc;*{ 
: **. f  cr  t  «  rr.  •  yublicattcr.  iuT 

:«  j  T  yniffl  r.  G  NAriE :  IM  r.E  f  y  >  r.  y  r  DRA  .*  I  h  £  .  :i..l  i  ft.yS  I :% !  C  At 


;  t  •»  7  I  At 


liANf.IS 


lOT  At.iDT  ft  yir 


•  HE  A  L  T  H  h“  A  J  A  R  O  £ 
r  c  I  V  ji . 

May  tiK  latai  il  tiifialvd.  SMallowrd  r.r  abasorhed  'niri.iih  <^1.  ii*. 
Co.’itajt  cause  turr. «  to  ^ I:  i  ii  ana  eyt^v, 

Runoff  fron  fire  control  or  dilution  water  .vay  laus*  poilution. 


v.-.FV_ 

pOTWil 


ilC,  aa»JV 


txCA 


,  ii>  teDtoducnoil 

fully  U;<jvl  lo 


Best  Available  Copy 
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.Copy  c''G:':c;:.‘ 


•rite  M  ciKosioK 

Mill  Mvfft.  IfAir  b«  tfnitvM  by  hvatt  sparks  a«d  I  lasts, 
ftaasablt  vapor  oay  sproad  aMay  froo  spill. 

CestaiAtr  say  tvpiode  in  htat  of  firt. 

Vapor  psplosioo  and  poison  hazard  indoors,  outdoors,  or  tn  seuvrs. 
ftusetf  to  stntr  oay  Croat#  Itrt  or  osplosion  hazard. 

•CMCmUCY  ACnONt 

Koop  ttooocossary  poopl#  aoay;  i sot  at#  hazard  arta  and  d#ny  ontry. 

Stay  opoind;  k#op  out  of  low  ar#as« 

Moor  positiv#  prossur#  fcrtathing  apparatus  and  spocial  protoctiv#  clothing. 
Isolat#  for  1/2  oil#  in  all  diroctions  if  tank  or  tankc«r  is  involved  in 
fir#. 

FOR  ENCR6CIICV  ASSISTANCE  CALt  CHENTREC  {SOCt  124-9300. 

Also,  to  cas#  of  water  pollutiorii  call  local  authorities. 

•FIRE 

Soatl  Fires:  Dry  cheoical  ,  C02,  water  spray  or  foas. 

Large  Fires:  Water  spray,  fog  or  foae. 

Move  container  free  fire  area  if  you  can  do  it  without  risk. 

Slay  away  fro*  ends  of  tanks. 

ivO#  iiontainers  Chat  are  vsoesva  to  Tii'aes  with  water  trf#o  tni.  side  ifnttT 
well  after  fire  is  out.  * 

Withdraw  ionediately  in  case  of  rising  sound  Iron  venting  safety  device  or 
Oisceloratton  of  tank. 

•SFiLL  AR  LEAK 

No  flares,  soofctng  or  flaoet  in  hazard  area. 

Oo  not  touch  spilled  waterial. 

Stop  leak  if  you  can  do  it  wltbewt  risk.  «• 

Use  water  spray  to  reduce  vapors. 

Snail  Spills:  Take  up  uith  sand,  or  other  ncncowbust i bl e  absorbent 
•aterial,  then  flush  area  with  water, 
i-arge  Spills:  Dike  far  ahead  of  spill  for  later  disposal. 

•FIRST  A!D 

Nove  victio  to  fresh  air;  call  eeergency  aedical  care. 

It  not  breathing,  give  artificial  respiration. 

I*  c*reath:nq  is  difficult,  give  oxygen. 

and  isolate  contaainated  clothing  and  shots. 

Ift  case  ai  contact  with  aaterial,  iaaediattly  Mush  siin  or  eyes  wiln 

running  water  for  at  least  15  ainutes. 

t.ee;  victia  guiet  and  eaintain  norsal  body  teaperature. 

Effects  Tav  be  celayed,  keep  victia  under  observation.  * 

«ilCLMd£R:  The  data  shown  above  on  this  cheaicaS  repre  ents  a  best  effort  an 

the. par:  ot  the  coaptiers  of  the  CNENTOX  database  to  obtain  useful,  accurate, 
jr.r;  factual  data.  The  use  of  these  data  shall  be  ;n  accordance  with  the 
cutdelmes  and  lieitattons  of  the  user's  CHENTOX  license  aoreeaent. 
r;ii-  «.!  the  rsENIOl  databa<^e  snail  not  ae  or  Id  !:able  for  inaccuracies 

cr  oaiffsont  w:thir  this  database,  or  ;n  any  o*  its  printed  or  *:  r'iayed  output 
ferns. 


Copy  avi,uU;blc  ’  > 

poTinit  tuJlv  tepTon  'v.a 
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MATERIAL  SAFETY  DATA  SHEET 

GENIUM  PUBUSraNG  CORPORATION 
1 145  CATALYN  ST.,  SCHENECTADY,  NY  12303  USA  (518)  377-8854 

Krocn  Ckihtts't  HSDS  CoOcctkio.  to  be  uied  u  t  reference. 


MSDS  #  ^ 


METHYL  HYDRAZINE 


Usuod:  August, 
Revued: 


198S 


SECTION  1.  MATERIAL  IDENTIFICATION 


MATERIAL  NAME:  Methyl  Hydrazine 

OTHER  DESIGNATIONS:  Hydrazine,  Methyl-;  Mydrazomethane;  I-Mcth>ihydrazine;  Mono  Methyihydrazine;  NMH; 


MANUFACTURER:  Available  froa  nany  suppliers,  including: 


Aldrich  Chemical  Company 
P.O.  Box  3S5 
Milwaukee,  WI  S3201 
(414)'  273-38S0 


SECTION  2.  INGREDIENTS  AND  HAZARDS 


METHYL  HYDRAZINE 


Current  ACGIH  TLV  (198S-86)  and  0S!L\  PEI. 

Skin  designation  indicates  that  Methyl  Hydrazine  is  absorbed  thro’igh 
the  skin. 


% 


93 


HAZARD  DATA 


8  HR  TWA  Ceiling; 


0.2  ppm, 
(Skin)* 


0.35  -ttg/m 


Rat ,  oral : 

LD50:  33  mg/kg 

Rat,  Inhalation: 

LC50:  74  ppm/8Hr 

Rat,  Skin: 

- 1 

LD50:  183  mg/kg 

Rat,  lor; 

1.05x9:  24  oR/kg 


SECTION  3.  PHYSICAL  DATA 


SECTION  4.  FIRE  AND  EXPLOSION  Da3  A  ] 

Lower 

Upp«f 

(  FUlh  Point  and  hMthod 

Autoi|nti.vNx  frmp 

Hwuiubd.  >  LjUUU  ir  Kit 

m 

m 

384.8  V  ?  ) 

t  ‘-x  v.*la- * 

BoUing  point.  1  am .  190.04®F  (87.8  C) 

Vapor  pressure  #  2S**C.  nalig  ...  49.6 

Vapor  density  (Air»l)  .  1-6 

Solubility  in  water  .  Slightly  soluble 


S:  ecifii  gravU'*  .  207  4®C  ...  0.874 

.  1  cs  ,  \  . .  100 

r.vapx  .  all  'i»  rate  .  No known 

'ielti-ig  p  int  . 

'iolecaUr  weight  .  46.1 


APPEARANCE  4  POOR-  Ct>lorless,  Hygroscopic  liquid  with  an  ammoiua^li^e  odor. 


'emicdl,  alcoJxil  or  pr.v«ix*r  loMi.  :  xe  waiet  'pray  to  cool  tank. 


container.  Do  not  use  a  solid  stream  of  wa^er  since  the  stream  will  Scatter  a“d  spread  the  flpe. 

TKla  flaMuble  liquid  la  a  danierovis  fire  hazard  when  eipo^ed  to  heal  or  flae^e.  U  is  flamaiable  over  a  wU# 
range  of  vapor  air  concentration.  Ua  vapors  are  hnvier  t»  »n  air  and  nay  travel  a  considerable  distance  to 
the  aourcc  of  Ignition  and  flashback.  Mevh>l  Hydraiine  may  Ignite  spontaneously  in  air  when  In  contact  with 
porous  autarials  such  as  earth,  asbestos,  wood  or  '.loth  and  with  oaidants  such  as  hydrogen  peroaidr  or 
nitric  acid,  khen  containers  of  this  material  are  eipoaed  to  heat  or  fire,  the  containers  may  violently 
rupture,  i^l  relight  era  should  wear  self-vontilnexl  breathing  apparatus  and  full  protective  clothing. 


SUCTION  5.  REAcnvrrv  data 


Methyl  Kydraalne  la  stable  In  closed  contalnert  at  roon  temperature  under  normal  storage  and  handling 
tondlilona.  it  does  not  undergo  hetardoua  iwslyoeri  :atlon,  T>ui  malarial  is  incoepatible  with  oaldinng 
materials.  Contact  with  dUyanofuratan ,  or  its  N-oalde  (dUyan  furoian)  Is  ip\t4ataii!Tg\,>ly  eij'Univc.  U  swy 
e&ploda  In  contact  with  meialUc  oild''>.  Etpoture  in  atr  on  a  large  surface  'lay  result  in  apoAtai\eo>- 
Ignition. 

Thermal  decoa^altion  or  burni*3g  may  produce  tone  fu»es  o!  nitrogen  csldes. 


CESIUM  PUBUSSISa 
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SECTION  6.  HEALTH  HAZARD  INFORMATION 


tethyl.hy^nxiM  li  a  poiiouou*  conwund  vhich.  is  readily  absorbed  fro«  the  lungs,  gastrointestinal  tract 
uid  skin.  Systemic  affects  of  exposure  to  aethyl  hydra  line  incude  convulsions  and  treaors,  blood  disorders  ant 
leath.  Vapors  or  aists  of  aethyl  hydraxine  are  Irritating  to  the  eyes,  ■wcous  aeabranes,  and  upper  respira- 
:oTy  tract,  and  say  causa  respiratory  distress  and  systeaic  effects.  The  liquid  is  irritating  and  corrosive 
:o  the  skin  and  eyes  and  aay  be  readily  absorbed  through  the  skin  in  toxic  amounts .  Chronic  exposures  to 
lethyl  hydssslne  aay  cause  kidney  and  liver  daaage.  This  aaterial  is  a  suspected  carcinogen. 

IRST  AID:  EYE  COKTACT:  Proaptly  flush  eyes,  including  under  eyelids,  with  running  water  for  at  least  15 
inutes,  Cet  aedical  attention  (Inplant,  Paraaedlc,  Coattunity).  SKIN  COKTACT;  Flush  exposed  area  with  water 
(hile  reaovlng  contaainated  clothing.  Get  aedlcal  attention  (Inplant,  paramedic,  cowaunity).  INHAIATION: 
teaove  to  fresh  air.  Restore  and/or  support  breathing  os  needed.  Notify  medical  personnel.  INGESTION:  Civ< 
ictim  water  or  milk  as  quickly  as  possible.  Call  a  physician  or  Poison  Control  Center.  Do  not  Induce 
'omitingl  Transport  to  a  medical  facility.  Never  give  anything  by  aouth  to  a  person  who  is  unconscious  or  is 
laving  convulsions. 


SECTION  7.  SPILL,  LEAK  AND  DISPOSAL  PROCEDURES 


^tify  safety  personnel  of  spills  or  leaks.  Evacuate  all  non- essential  pers^’nntl  from  the  area.  Reaove  all 
pinition  sources.  Provide  aaxiaum  explosion-proof  ventilation.  When  performing  clean-up,  wear  suitable 
pr'T^active  clothing  and  equipaent  (see  Section  8).  Absorb  small  spills  on  sand  or  vermiculite  and  place  in 
coatainers  for  disposal.  Dike  large  spills  and  collect  for  reclamailon  or  disposal.  After  bulk 
naterial  Is  raaowd,  wash  the  spill  site  and  completely  ventilate  the  area.  Do  not  discharge  to  sewer,  water 
pheds  or  waterway*.  Use  non- sparking  tools. 

DISPOSAL ;  Place  in  suitable  container  for  disposal  by  licensed  contract v»rs  or  burn  in  .in  approved  incinerator 
I *  equipped  with  an  after  burner  and  scrubber.  Follow  all  Federal,  Staie  ind  I  >ral  regulations. 

EfA  HAZARDOUS  NASTE  NO.  PObS  (Er  Toxicity  UO  CFK  >bl). 


SECTION  8.  SPECIAL  PROTECTION  INFORMATION 


Provide  generiftl  and  local  exhaust  ventilation  (eiplo: ion-proof)  to  meet  TIV  requirement,  tiandllng  in  a 
:hemical  ft*e  hood  is  preferred.  For  emergency  or  non-rouMne  exposures  where  the  TLV  may  be  exceeded,  wear  a 
410SH-approv«d  respirator.  All  electrical  service  in  use  or  storage  areas  should  have  an  explosion-proof 
iesign. 

Wold  any  coxitact  with  this  material.  Full  protective  clothing  and  equipment  including  splash  goggles,  face 
ihield,  impervious  gloves,  apron,  boots.  Impervious  shirt  and  trousers,  hard  hat  with  brim,  and  respirator 
ihould  be  available  and  worn  at  appropriate.  Remove  contaminated  clothing  immediately  and  do  not  wear  until 
It  hat  been  properly  laundered. 

:yewa»h  ttationi  and  safety  thowert  should  be  readllv  available  where  this  materiel  is  handled  or  stored, 
lontact  lemaaa  pote  a  apeclal  haxard;  soft  lentes  may  absorb  and  all  lenses  concentrate  Irritants. 


SECTION  9.  SPECIAL  PRECAUTIONS  AND  COMMENTS 


Store  in  tightly  closed  containers  in  a  cool .  dry,  well  ventiUted  area  avey  from  oxidants,  meiaUic  oxides 
dicyanofuragan,  dlcyatiofuroaan,  heat  sources,  sparks,  and  open  flame.  Protect  containers  from  physical  damage. 
Avoid  storage  on  wooden  floors.  Methyl  hvdraxlne  Is  alr-senaitlve  and  h>troacoplc;  protect  from  moisture 
and  handle  amd  store  under  nitrogen. 

Do  not  bremthe  vapors  or  mist.  Avoid  contact  with  aim,  eyes,  and  cloihlnp.  Use  only  with  aviequate  v«nii> 
letloc,  preferably  in  a  chamlcal  fume  hood.  Wash  thoroughly  after  hamdUn^  and  do  i^ut  smoke  in  use  or 
hand I I mg  armai. 

MOTg;  Methyl  Kydrailtte  is  poisonous,  corrosive,  and  possibly  cercinog»«U ;  handle  with  eatreme  care!*' 

DOT  CUSSIflCATW;  FiammabU  liquid,  peilon.  WU44 


DATA  SUUW3KCI) coot (Vt  Okitawyl  L  <*9,  H.  49,  bO,  bJ,  7S,  ?S  R. 
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CHeHTOX'  DATA 

(C)  1985,  1986  by  Vao  No^-lr^nd  Aeinhold  Company,  Inc.  AH  rights  reserved. 

CHtHTOX  RECORD  2256  LAST  JPDATE  Of-'  THIS  RECORD;  02n9/8o 

NAME:  HCNOttETHyL  HYORAZiNE 

SYNONYMS  HYORAZIKE,  METHYL-;  METHYL  HYORAZlNt;  ME THYLH YDR A2 INE ; 

l-METHYtHYORAZ  INE;  ME  THYLH'' ORaZ  I NE  (DOT);  MMH 


CASj  60“5‘1'-4  RTECS:  MV56y0000 

FORMULA;  CH6N2  MOL  NT:  46.09 

CHEMICAL  CLASS: 

PHYSICAL  description;  COLORLESS  I  !  OU I D  AN  A'^MONjA  LUE  ODCK 

SOILING  POINT;  J60.V5  K  9.VS  r  i^O  F 

MELTING  POINT;  220.93  K  -52.:  2  -.2  f 

flash  POINT:  343.15  N  70  C  '.59  ** 

VAPOR  PRESSURE:  49.6  aa  it  25  C 

AUTO  IGNITION:  469.15  K  l'?.^  C  T3^..  F 

UEL;  98  X  LEL:  2,5 

lONWATION  POTENTIAL  (eV):  ^67 

VAPOR  DENSITY:  1.59  airM 

SPECIFIC  GRAVITY:  n.8?3 

OEMS  IT  Y:  0.S7B  .-‘cc  Cf  S.lo5  4  Ip/qal 

WATER  SOlUSiLlTY; 

JNCDmPAI  iSiL  i  I  lt$:  UiIDES  OF  HANGA'-iSE,  '.FAD,  , 

-  OKOUS  MA  I  E  R  1  Al  S  ,  t  !  M  .  A  S  FE  .  I-.S  ,  -lUOC  .  c  u  I  H ; 
'^YDRUCt.N  .M  Thl  -i  J?: 

reactivity  with  WATER:  No  data  on 

REACTIVITY  WITH  COMMON  rtATERIALS:  f>L.Af*S  5LCWl>‘  W  P  )i  All:,  Nk. 

IGNIMON  CF  RAGS,  VUFI.  UR  OTHPL 


STAeiLTTY  DURING  TRANSPORT:  No  Ddta 

NEUTRALIZING  AGENTS;  PUSH  Wp-*  JAP'k. 

polymerization  POSSI&ILIMES:  No  ;iJta 

Tone  FIRE  GASES: 

ODOR  OETECTEO  AT  (ppa) :  \ - : 

OOO.R  DESCRIPTION:  ll>E  A^mCkia  5.;.  t*.;  5 

100  I  ODOR  DcUCflON:  No  data 

DOT  HAZARD  CLASS; 

DOT  :h 

DOT  10  NUHPER: 

DOT  SHIPPING  KAMI  :  ;  >t| 

SKC  NUM6EA:  « 

CPA  tASTt  NUMOf*'. 

Cr^CLA  REP  r 

ftO  DtSiCNAt  ION;  A  p&untiv  iP*.-  vxji 

CLEAN  ulft  ACT: 
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NFM  COOES: 

HEALTH  HAZARD  (BLUE) :  3 

FLAHnASILITY  (RED)  :  3 

REACTIVITY  (YELLOW) ; I 

TARGET  ORGANS:  CHS,  RESPIRATORY  SYSTEM,  LIVER,  BLOOD,  CARDIOVASCULAR  SYSTEM.  EYES 

SVN^TONS  I  TREMORS  AMO  CONVULSIONS  FOLLOW  A0SORPTIOM  SY  AMY 

COKTACT  OF  LIQUID  WITH  EVES  OR  SKIN  CAUSES  IRRITATION, 

AND  SYSTEMIC  EFPECTS.  INHALATION  CAUSES  LOCAL 
OF  RESPIRATORY  TRACT.  RESPIRATORY  DISTRESS,  BURNS. 

CAUSES  HEMOLYTIC  Source:  CSOS 


SYMPTOMS  (CHRIS): 

CONC  lOLHr  5  PPM 

PERMISSIBLE  EXPOSURE  (OSHA):  0.2  ppn  SKIH  -  CElLtRG  VALUE 
CARCINOGEN**:  Y  STATUS:  HUMAN  POSITIVE 

REFERENCES: 


MUHAH  TOtICITY  DATA:  (Source;  NI05H  KU'CSi 


lOSO  (BQ/kg);  33  SPECIES:  crl-rjt 

PROTECfiON  SUGGESTED: 

CHRIS  MANUAL: 

ORGANIC  CANSITER  MASK  OR  SELF -CO^^TAiNEO  BfiLAlHl^G  APr*A'«..  lUS;  GOSGLES  OR 
SHIELD;  RUBBER  GLOVES;  PROIECTIVt  ClorsiNC 


MIOSH  POCKET  SUiOE  TC  CHEHICAL  NA2AaD5 

WEAR  APPRU^’l^lArE  EQUIPMENT  TO  PKtViJjT: 

Arty  ol  :oni4c*. 

•  •  WEAR  EYE  PROTECTION  10 

Any  of  eye  CUrtt4i.t. 

#*  EifOSEO  PERSONNEL  SHOULD  WASH: 

(•aedi^tely  Mhen  \kxet  beca«e\  c  on  I  n^t  etf . 

kiJxtn  CLOTHING* 

jlrly  r»Buvf  iwy  trtjt  be(o*e\  wrt  lo  <|4B*  ability 

*•  THE  FOLLOWING  EOUIPMCNI  SHOULO  Pi  MADE  AVAUAHf: 
f  y <¥ j  yrt .  go j  r  ^  di'ench. 


♦t  reference  MIOSW 


RECQMKENDED  respiration  protection  Sorjrct:  WIOSH  POCKET  OUIOE  (35-114)  ICT-  41 
NIOSH  (ttONOMETHYL  HYORAMNE) 

Greater  at  any  detectable  concentration.  :  /Any  1 f -cont a* nei  breathing 
with  lull  facepiece  and  operated  in  a  pressure-demand  or  other  positive 
»ode./ftrty  self-contained  breathing  apparatus  with  fuM  facepiece  and 
in  ^  pr essure*'de«and  or  other  positive  pressure  aode./Any  supplied-atr 
with  a  full  facepiece  and  operated  in  p  .-fisure-deaand  or  other  positive 
•ode  in  combination  with  an  auxiliary  self-contained  breathing  apparatus 
in  pressure-deeand  or  other  positive  pressure  mode. /Any  supplied-air 
with  a  full  facepiece  and  operated  in  pr(?s5ure-de«and  or  other  positive 
•ode  in  combination  wjth  an  aux.liary  self-contained  breathinq  apparatus 
in  pressure-demand  or  other  positive  pressure  mode. 


ESCAPE;  /Any  appropriate  escape-type  self-contained  breathing 
•pproprlate  escape-type  self-contained  breathing  apparatus. 

FIRST  AID  (NIOSH); 

EVE: 

FLUSH  FOR  AT  LEAST  15  hIN.  WITH  LARGE  QUANTITIES  OF  WATER. 


SKIN; 

inhEOIATELY  WASH  WITH  LARGE  QUAfUITIEG  OF  WATER  AND  IHEAT  AS  ‘OR  ALKALI 


IMHAIATION: 

MOVE  VICTIM  TO  FRESH  AIR  AND  KEEP  QUIET;  SJVE  ARTIFICIAL  RESPIRATION  IF 

STOPS. 

INGESTION; 

GIVE  EGG  WHITES  OR  OTHER  EMOLLIENT,  FOLLOWED  BY  51  SALT  SOLUTION  OR  OiilER 
EMETIC.  KEEP  PATIENT  AS  QUIET  AS  POSSIBLE.  TO  CONTROL  CONVULSIONS, 
WARBITUATES  KAY  BE  jDKINISTERED  PARENTGRLLY  BY  PHYSICIAN  WITH  DUE  REGARD 
DEPRESSION  OF  RESPIRATION. 


US  Department  of  Transpor t at : on  Guide  1 Harardous  Materials  Transport 
Inforaation  -  Publication  DOT  580V.3 
DOT  SHIPPING  NAME:  HONOHETHYL  HYORAMNE 

POTENTIAL  HAiAROB  POT  GUIDE  NUMBER  ?B 


♦HEALTH  HAZARDS 
Poi son , 

Hay  be  fatal  if  inhaled,  swallowed  oi  abasnrbed  th-ough  skin. 
Contact  may  cause  burns  to  skin  and  e>es. 

Runoff  from  fire  control  or  dilution  water  may  cause  pollution. 
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♦FiRC  m  CXPLOSIOM 

ViH  burn*  Nay  be  ignited  by  heat^  sparks  and  flanes. 

Fiaeaable  vapor  aay  spread  away  fron  spill. 

Container  «ay  explode  in  heat  of  fire. 

Vapor  explosion  and  poison  hazard  indoors,  outdoors,  or  in  sewers. 

Runoff  to  sewer  aay  create  fire  or  explosion  hazard. 

•EHERGENCY  ACTION* 

Keep  unnecessary  people  away;  isolate  hazard  area  and  deny  entry. 

Stay  upwind;  keep  out  of  low  areas. 

Wear  positive  pressure  breathing  apparatus  and  special  protective  clotning. 
Isolate  for  1/2  wile  in  all  directions  if  tank  or  tankcar  is  involved  in 
f  i  re. 

FOR  EMERGENCY  ASSISTANCE  CALL  CHEHTREC  <80(U  424-9300. 

Also,  in  c ase  of  water  pollution,  call  local  authorities. 


♦FIRE 

Snail  Fires:  Dry  chenica! ,  C02,  water  spray  or  foa*. 

Large  Fires:  Water  spray,  fog  or  foa«. 

Move  container  fro*  fire  area  if  you  can  do  it  without  risk. 

Stay  awajr  fro*  ends  of  tanks. 

Cool  containers  that  are  exposed  to  fiaites  with  water  fro's  ttie  side  until 
well  after  fire  is  out . 

Withdraw  i*»ediately  in  case  of  rising  sound  fro*  venting  safety  device  or 
discoloration  of  tank. 

tSPILL  OR  LEAK 

No  flares,  seoking  or  flaees  in  hazard  area. 

Do  not  touch  soil  led  oaterial. 

Ustf  water  spray  to  reduce  vapors. 

SoaU  Spills;  Take  up  with  sand,  or  other  noncoabustibJe  absorbent 
•aterial,  then  flu^h  area  with  water , 

Large  Spills:  Dike  far  ahead  of  splU  for  later  disposal. 

»F!RSr  AID 

Move  victiw  to  fresh  air;  call  eaergency  wedicaj  care,* 

If  not  breathing,  give  artificial  respiration. 

If  breathing  is  difficult,  give  oxygen. 

Rewove  and  isolate  contaminated  clothing  and  shoes. 

In  case  of  contact  with  •aterial,  im*ediately  flush  skin  or  eyes  with 
running  water  for  at  least  IS  ainutes. 

Keep  victiw  quiet  and  •aintain  noraal  body  teaperature. 

Effects  way  be  delayed,  keep  victiw  under  observation. 


OlSClAMER:  The  data  shown  above  on  this  che»ical  represents  a  best  effort  on 

the  part  of  the  co«i»Uers  of  the  CHirtTOX  databasi-  to  obtain  useful,  accurate, 
and  factual  data.  The  use  of  thes»»  data  shall  be  in  accordance  with  the 
guidelines  and  liwitations  Of  the  user’s  CHEMTOK  license  agreewent. 

The  CDMPlLtRS  of  the  CHEHTOX  database  shall  not  be  held  liable  for  tnaciuracves 
or  omissions  within  this  database,  or  in  any  of  its  printed  or  displayed  cut;-t 
forms. 
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MATERIAL  SAFETY  DATA  SHEET 

CORPORATE  RESEARCH  A  DEVEIOPMENT 

SCHENECTADY,  N.  Y.  J2305 
Phone:  (518)  385-A085  DIAL  COMM  8*235-4085 


IzW 

INPORMATlOf4 


CO  No ,  ^ ' _ 

tu  '  ~ 

o 

§  NITROGEN  DIOXIDE 
ID 
<0 


Date  December  1978 


SECTION  U  MATEfilAL  IDENTIFICATION  Reviewed:  September  197 


TERIAL  NAME:  NITROGEN  DIOXIDE 

DCSCIUPTtON:  This  material  Is  an  equilibrium  mixture  of  NO2  and  Its  dimer  *<20^^.  It  is 
supplied  coBwerclally  as  a  liquid  under  Its  own  vapor  pressure  In  steel  cylinders. 
OTHER  OESICNATIONS:  Dlnltrogcn  Tetroxldc,  Nitrogen  Tetroxide,  Nitrogen  Peroxide. 

CAS  I  010  102  A40 

MANUFACTURER:  Material  Is  available  from  several  suppli-  rs.  Including  Scientific  G.is 
Products,  Inc.,  and  Matheson. 


SECTION  n.  INGREDIENTS  AND  HAZARDS 


Nitrogen  Peroxide 

Equilibrium  Compogitiun j _ 1__A t m 

27  C  35  C  '  U)0  ^ 

NO2  (red-brow\)  20X  30Z  '  90T 

N2^A  (colorless)  80.  70Z  101 

Gas  dliuteu  below  100  ppm  In  air  at  25  C  is  essentially 
all  In  the  NO2  form. 

*ACGIH  (1979  Intended  Changes  List).  Current  OSllA  TLV  is 
5  ppm  or  9  NIOSH  (1976)  rreommended  a  ceiling 

level  of  1  ppm  (15  minute  sample). 


HAZARD  DATA 


8-hr  TWA  3  ppm* 

STEL  5  ppm 

Human,  Inhalat ion 
TCLo  64  ppm  (pulmona 


Rat,  inhalation 
LC^O  88  p[5m/4  hrs 

Monkey  ,  iniia  In  t  ion 
LCLo  4 4 ppm/ 6  hrs. 


SECTION  III.  PHYSICAL  DATA 


Bolling  point  at  I  atm,  deg  C  -  21.15  Specific  gravity,  20/4C  -  1.4 

Vapor  pressure  at  20  C,  mm  Hg  -  720  Molecular  weight  -  46  or*92 

Vapor  density  \.Mr«l),  70  F,  I  atio  —  2.0  Melting  point,  deg  C  - *  -9,3 

Water  solubility  -  Re.icts  to  form  nitric 

and  nitrous  ac  ui'i  at  25  C 

Appearance  6  Odor:  A  yellow-broi.'n ,  funlnc  liquid  ibelov  ?l  C)  or  .\  rr-ldish-broun  g.is 
with  a  pungent  acrid  odor  at  about  10-20  ppm.  At  -12  0  this  m, itcri.il  i.s  a  ri'lorlc.ss 


with  a  pungent  acrid  odor  at 
solid  (essentially  all  N2^4^' 


L  OWER  UPPER 


SECTION  IV,  FIRE  AND  EXPLOSION  DATA 


pint  and  Method  Autoignition  Temp. 

N/A  N/a 


This  outerlal  will  not  burn;  however  Ir  is  a  very  strong  oxidirirg  agent  which  is  able  to 
cause  fire  on  contact  with  flammable  or  combustible  materials.  For  example,  It  could 
cause  clothing  to  catch  fire  on  contact. 

Water  should  be  used  to  cool  flrc-cxposed  cylinders  (which  could  explode  from  pr»‘ssuie 
when  heated),  and  a  water  spray  owy  be  used  to  direct  escaping  gas  away  from  those 
attempting  a  shut-off  of  NO2  How, 

Firefighters  require  full  protective  cloihlng  and  self-contained  breathing  apparatus. 


SECTION  V.  REACTIVITY  DATA 


This  is  a  stable  materi.il  at  roon.  temperature  in  .»  clo'.ed  cylinder. 

it  la  a  very  strong  oxidizing  agent.  Contact  with  t  *>mhust iblos  can  cause  fire  or  ex¬ 
plosion:  if  a  material  burns  In  air,  it  will  hum  tn  NO^;  but  It  might  also  explode. 
*nlxtures  with  ammonia,  acetic  anhydride,  alcohols,  toluene,  propylene,  etc  have  pro¬ 
duced  violet  explosions.  Explosives  c.tn  be  prepared  by  mixing  NO2  with  carbon  d Isul  f  id», 
or  with  nitrobenzene.  U  forms  explosive  mixtures  with  incompletely  halogenated  hydro¬ 
carbons.  Reactive  with  reducl.  e  agents  and  .ininger  oxidizing  agentr. 

...  must  bo  handled  with  compatibie  materl.ils  and  equipment.  It  is  not  corrosive  to  mild 
steel  when  dry,  but  will  rciiuirc  a  nitric  acid  resistant  st.ilnless  steel  when  wet. 
Aluminum,  nickel,  Pyr-’x.  id  loo,  and  asbestos  are  *nmong  the  compatible  m-iterials- 


SECTION  VK  HEALTH  HAZARD  INFORKATION 


3  pp«  (Se€  Sect.  II) 


SECTION  VI  I.  SPILL/  LEAK/  AND  DISPOSAL  PROCEDURES 


Notify  wftty  pcr$otmeX  when  leaks  are  detected  or  suspected.  Provide  maxtnum  exhaust 
y*ncllatlon.  Discontinue  operations;  exclude  from  sice  all  except  those  involved  in 
cUsn-up  who  are  properly  protected  (see  Sect.  Vtll).  NO^  measuring  devices,  moist 
blue  11 emus  paper  or  starch'* iodide  paper can  be  used  to  locate  small  leaks.  The  red- 
btovn  color  of  NOj  will  make  large  leaks  evident.  Stop  source  of  NO^.  Isolate  and 
revove  any  leaking  cylinder.  Place  in  hood  or  in  safe  outdoor  area,  ’.'hen  slow  rcleasi 
of  gat  to  the  alt  is  unacceptable,  attach  needle  valve  and  tube  to  run  NO?  into  .in  ex- 
Ctsa  of  3~IUZ  aoueous  sodium  hydroxide  solution  (caution^)  at  a  moderate  rate,  thm 
neutralise  for  disposal.  Cover  liquid  spill  with  an  excess  i>f  HaHCOi;  mix;  spray  with 
water  from  atomiser,  then  flush  to  holding  tank  for  disposal. 

Dlil^aal  -  Follow  Federal,  State  and  local  regulations,  uilute  neutral,  low  nitrite  was 
wTtn  much  water  and  flush  to  drain  with  lots  of  water  to  o«iet  dilution  retjuirements  fo 

■Yn^^RMATION 


Use  eXesad  processing  to  prevent  exposure  whenever  feasible. t  Consider  use  of  continuous 
"?2  monitoring  devices.  Use  an  exhaust  hood  with  minimum  100  Ifa  face  velocity  to  en¬ 
close.  Frovide  general  ventilation  and  local  exhaust  ventilation  to  meet  TLV  require- 
mints.  For  emergency  and  nonroutine  exposure  provide  an  approved  full  facepiece  res¬ 
pirator  above  the  TLV;  a  cartridge  or  canister  type  can  be  used  below  50  ppm;  i  self- 
contained  or  ali^  supplied  respirator  is  required  above  50  ppm  or  for  unknown  levels. 

Privmnt  skin  contact  with  liquid  or  vapors  by  use  of  gloves  and  protective  clothing.  Us 
safity  goggles  and  a  face  shield  for  eye  protection.  Instyit  action  eyewash  stations 
■od  safety  ahowera  are  needed  in  close  proximity  to  use  and  handling  area. 

'Ihoim  working  with  HO2  must  have  special  training  in  hazards  and  handling  and  dose 
tufervltioo. 


SECTION  IX*  SPECIAL  PRECAUTIONS  AND  COMMENTS 


basic  precautions  for  handling  and  ...?e  of  pressurized  cylinders.  Note!  NO2 
rs  do  not  have  safety  devices  for  pressure  relief;  store  away  from  heat  scurc 
fire  rTak  areas.  Keep  away  from  solvents,  fuels,  lubricants,  combustibles,  rc 
duclng  agents.  Use  compatible  materials  and  equipment  for  handling  NO2.  Obtain  de¬ 
tailed  information  from  suppliers  for  handling  .'tnd  use  under  specific  conditions. 

O2  and  can  react  In  an  electric  or  other  high  temperature  source  to  produce 
hasaroDua  levels  of  NO^l  combustion  of  nitrogen-containing  m.icerials  will  produce  NO2 
Provide  preplacement  medical  cxomlnaLlon  and  at  least  an  annual  examination  of  exposed 
personnel  with  special  attention  to  pulmonary  function  tests  and  dental  care. 
Preclude  from  exposure  individuals  with  cardiac  or  pulmonary  disease.  _ _ 


DATA  $0URCS(S)  CODE;  2,A-6,9,12, 15-17, h9, 20 


hmm  ^  e«  ru — •* 

•MW*  ••  m  ;<•!■*<■***»'«**  #•  4.1.', 


APPROVALS;  'yy\ 

Industrial  ^ygierwT 

ond  Sateev  lAffAJiT^ 


Corporate  Medical 
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APPENDIX  B 

TEST  AUTHORIZATION  DOCUMENTS 
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Request  of  NTS  Facilities 


Mp.  fhojciAS  K.  Clar»^ 

Manager,  Nevada  Operatioris  Offaco 
US  DOE 

P.O.  Bok  UlOO 
Las  Uevas  NU  69114 

1.  Pursoant  to  the  July  6.  Headquar Le»"$  Space  Division  letter, 
a  copy  of  which  was  forwarded  to  your  Me  Wendy  Oixon.  we  wish  to 
proceed  with  the  fire  suppression  Foa^  testing  described  therein 
and  Formally  request  the  use  of  Nevada  Test  Site  (NTS)  facil¬ 
ities  for  these  tests. 


2.  Bequest  a  3-week  window  Oeqinning  on  2i  Oct  85.  Ideally, 
the  tets  can  be  completed  in  I  1/2  to  2  weaks.  but  adverse 
weathar  conditions  could  stretch  this  period  to  3  weeks. 
Central  construction  support  reqvircp?ent$  will  be  minimal; 
however,  wt  will  require  photograpnic  ^support,  both  s^ill  and 
video.  Funds  are  available  for  site  rental  and  support. 


3 .  The  following  agencies  will  have  personnel  on  the  site 
Ourinq  the  testing  oeriod: 


HQ  A-C-ESC 
Hill  PFfl 
NMERI 
M$Ai? 

Herosoace  Corp 


2  persons 
I  person 

3  persons 

4  persons 
i  person 


full  Test  Period 
full  Test  Period 
Full  Test  Period 
full  Test  Pe*";od 
1st  week 


4.  On-site  billeting  is  requested  for  the  individuals 

identified  in  paragraph  three  Aod  it 'tonal  personnel  from  this 

office  and  tF*e  New  Mexico  Engineering  ‘'esearch  Institute 
will  uiew  certain  tejts  of  the  seri»?s.  Ovjt  will  not  require 

billeting  Security  clearances  irq  vivi‘.  requests  u'nll  be 
provided  for  all  oa**  ti  c  i  pa^ t  $  . 


5.  ^01  nt  of  contact  at  Wt.  >^1  for  fur*,  ner  inf  c  ^ffvatio'^/as  s  i  s  tanc  o 

is  Mr  Ti'n  Stepatic.  comrorcial  telephone  505 ■ 247- 34 1 2 . 


JOSEPH  1.  WALKER  cc:  MSAR^Mr.  Hiltr) 

Chitf,  Fire  Technology  Branch  HQ  SOCCapt  Betschart) 

Aerospace(Mr.  Lewis ) 
NMERKMr.  Stepetic) 
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ROCF  2  6  SEP  1985 

Use  of  NTS  Facilities  (Our  Itr,  27  Aug  85) 


Mr.  Thomas  R.  Clark 
Manager,  Nevada  Operations  Office 
US  DOE 

P.O.  Box  14100 
Las  Uegas  NU  89114 

1.  In  response  to  your  request,  enrlosed  is  a  draft  copy  of  the 
test  plan  for  use  of  the  DOE  Nevada  Test  facilities.  The  site 
will  be  used  for  validation  testing  of  a  n.^rly  dpveloped 
hypergolic  vapor/fire  suppression  foam  and  environmental 
sampling  acquisition.  Test  facilities  are  requested  for  a 
3-week  period  beginning  21  Oct  85. 

2.  Point  of  contact  at  the  New  Mexico  Engineering  Research 
Institute  (NMERI)  for  further  information/assistance  is  Mr.  Tim 
Stepetic,  commercial  telephone  (505)247-3412. 

SIGNED 

JOSEPH  L.  WALKER  I  Atch 

Chief,  Fire  Technology  Branch  Test  Plan  R 

.  P 

cc;  NMERI 

AFSC/CFPE  (Capt  Betschart) 


ROCF,  Joe  Walker 


6451,  15  Sep  85,  hsm 


OO'v.oc0m"n3>  *  O^OOO  -nOO 


Department  of  Energy 

Nevada  Oparationj  Office 
P.  0.  Box  14100 
Las  Vegas.  NV  89114*4100 

November  8,  1985 


Joseph  I,  Walker 
Chief*  Fire  Technology  Br. 

HQAF  Engineering  &  Services  Center 

Oept.  of  the  Air  Force 

Tyndall  Air  Force  Base,  FL  32403 

APPROVAL  TO  CONDUCT  FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  F0AM5 
r>T  THE  NEVADA  TEST  SITE  (NTS) 


A  review  of  your  proposal  tri  conduct  the  subject  tests  has  been  completed. 
Approval  of  your  request  is  hereby  granted,  subject  to  the  enclosed 
conditions.  Any  significant  deviation  in  the  program  or  intended  use  of  the 
facilities  as  set  forth  in  your  test  plan  must  be  approved  by  this  office  in 
advance  of  any  NTS  activity  relating  to  those  changes. 


If  you  have  any  questions  regarding  the  aforementioned  conditions,  please 
contact  Lon  Kilmer,  Resource  Management  &  Budget  Division  (702)  295-0968. 


RMB0:LK-1051 


/“'‘-'Manager 


Enclosure: 
As  stated 


cc: 

Ralph  Hiltz.  MSAR,  Mine  Safety 
Appliances  Co.,  Evans  City,  PA 
Tim  Stepetic,  NM  Engrg.  Res.  Inst, 

Univ/NM,  Albuquerque,  NM 
R.  H.  Ide,  Resident  Mgr.,  LLNL,  Mercury,  NV 
R,  H.  Ide,  Field  Opns,  Prog.  Leader/Nuclear  Test 
Group  Director,  LLNL,  Livermore,  CA 
T.  T.  Scolman,  Oep.  Assoc,  Dir.,  Test  Opns.,  LANL,  Los  Alar^os 
J,  0.  Kennedy,  Org.  7130,  SNL.  Albuquerque,  NM 
8.  G.  Edwards,  Resident  Mgr.,  SNL,  Mercury,  NV 
H.  0.  Cunningham,  Gen.  Mgr.,  REECo,  Las  Vegis,  NV 
A,  E.  Gurrola,  Vice  Pres.  &  Genl.  Mgr.,  H&N,  Las  Vegas,  NV 
ft.  W,  Titus,  Mcteorologist-in-Charge,  NOAA/WSNSO,  Las  Vegas,  NV 
Col.  R.  W.  Smith,  USAF/OOE-NV  Liaison  Officer,  NV 
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Joseph  L.  Walker 


•2> 


cc:  (continued) 

R.  H.  Nelson,  Jr.,  AMO 

R.  W.  Taft,  AMEiS 

V.  F.  Witherll],  Director,  NTSO 
J.  K.,  Magruder,  Director,  TOO 

S.  R,  Elliott,  Director,  SHO 
B.  W.  Church,  Director,  HPD 
0.  F.  Miller,  Director,  OPA 

E.  W.  Adams,  Director,  SSD 
0.  R.  Rinaldi,  QAD 

F.  E.  Bingham,  HPO 
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COKOITIOKS  FOR  APPROVAL  TO  CONDUCT  FIRE  SUPPRESSION  TESTING 
OF  HYPERGOLIC  VAPOR  CONTROl.  FOAMS  AT  T>^E  NEVADA  TEST  SITE  (NTS) 


L  General 


This  approval  Is  subject  to  your  coinpliance  with  the  rules  and  regular 
tions  set  forth  for  the  NTS.  All  tests  will  be  conducted  on  a  noninterference 
basis  with  the  Nuclear  Weapons  Program  and  other  test  site  operations.  Should 
a  conflict  develop  between  you'*  test  activity  and  ongoing  NTS  activities, 
access  to  specific  areas  may  be  de laved  due  to  security  or  safety  considera¬ 
tions. 


Approval  for  use  of  the  NTS  must  in  no  way  affect  the  jurisdictions, 
responsibilities,  and  authorities  of  the  OOE  or  the  Air  Force, 

2.  Environmental  Aspects 


The  1983  “Environmental  Assessment  for  Spill  Test  of  NH3  and  N2O4  at 
Frenchman  Flat**  will  cover  the  activity.  OOE/NV  has  prepared  an  environmental 
evaluation  which  satisfies  the  requirements  of  the  National  Environmental  Policy 
at  (NEPA). 

3,  Safety  and  Health 

The  MSAR  Test  Director  will  be  respon:>ible  to  the  Manager,  NV,  for  the 
safety  of  all  Fire  Suppression  tests  at  the  NTS  vnd  for  assuring  a  safe  and 
healthful  work  place,  '  * 

The  OOE  safety,  health  and  fire  protection  standards  and  the  NTS  Standard 
Operating  Procedures  (SOPs)  will  be  applicable  m  addition  to  any  other  such 
standards  which  the  Air  Force  might  Impose  on  'he  program, 

A  State  of  Nevada  permit  is  requiroJ  to  conduct  the  specified  tests. 
Application  was  filed  by  the  Safety  and  Health  Division.  NV.  on  approximate! v 
September  15,  1985,  Approval  is  anticipated,  but  has  not  yet  been  received. 

T,  Claims 

The  Air  Force  will  be  financially  responsible  f  ‘r  and  will  process  claims 
that  may  arise  as  the  result  of  t.he  activities  cf  its  jersomel  or  its  coMt»*actor 
personnel.  OOE  will  be  finanoiatly  responsible  for  and  will  pfoce^s  claim's 
arising  out  of  activlTios  of  us  personnel  or  us  cirtractor  pe-sonnel. 

5.  Funding 

NV  will  be  reimbursed  for  all  costs  associated  with  the  testing  at  the 
NTS.  A  funding  document  from  the  Air  Force  (MPR)  will  be  provided  to  DOE/NV 
prior  to  Ue  initiation  of  associated  activities. 
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6.  Construct Ion  Operations 

All  construction  operations  will  be  performed  according  to  present  SOPs 
(6001)  by  OOE  contractors  at  the  direction  of  NV/NTSO* 

7.  Weather  Support 

WSNSO  will  provide  meteorological  support  as  requested  by  the  test 
organization  and  as  required  by  the  NV  Operations  Controller. 

8.  Security 

Existing  security  rules  for  access  to  the  NTS  will  be  followed.  Program 
personnel  who  require  access  to  the  NTS  will  follow  normal  visitor  control 
rules  concerning  the  submittal  of  visit  requests  through  cognizant  security 
offices  which  will  result  in  the  Issuance  of  security  badges. 

Security  personnel  will  be  utilized  to  sweep,  control,  and  aid  In  emer¬ 
gency  evacuation  support  during  periods  of  testing.  Security  details  will  be 
elaborated  within  the  OOE/AMO  Operations  Plan, 

9.  Housinq 

Arrangements  for  housing  mst  be  coordinated  with  the  PEECo  Housing 
Custodial  and  Food  Services  Department  at  (702)  986-9421.  Housing  requirements 
of  personnel  from  other  NTS  programs  will  have  precedence. 

10.  Medical  ’  * 


Paraawsdlc  and  ambulance  support  will  be  provided  by  R£ECo  from  Mercury 
in  the  event  of  an  emergency. 

11.  Concept  of  Operations 

The  test  period  has  been  revised  to  provide  for  comnencement  of  tests 
on  November  12,  1385,  with  arrival  of  personnel  and  test  preparation  activity 
during  the  prior  week.  Prior  to  the  initiation  of  test  activity,  the  Air  Force 
will  provide  an  organizational  responsibility  plan  which  clearly  delineates 
the  MSAA/NHERl  responsibilities  for  conduct  of  the  tests. 

The  OOE/NV  Operations  Controller  will  be  represented  by  a  OOE/nV  Opera¬ 
tions  Coordinator  who  will  serve  as  the  on-site  representative  for  the  Opera¬ 
tions  Controller  for  any  actions  deemed  necessary. 

All  test  personnel  will  filly  convly  with  NTS  emor  lency  ivacuatlor 
policies  ard  directions  'rior  to  comroencing  ope»*ations,  an  Operations  Permit 
flWiSt  be  obtained  from  the  Operations  Coordination  Center  (OCC),  NTS  (^02) 
295-4015. 

The  concept  of  operations  will  be  detailed  within  the  OOE/AMO  Operations 
Plan  as  established  specifically  for  these  tests. 
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12,  Oeconwlssioninq 

All  trailers  and  other  rei’Minlng  equlpinent  will  be  removed  upon  comple¬ 
tion  of  the  last  test  unless  otherwise  extended  by  permission  frcxn  OOE/NV. 
Unusable  egu1pfl>ent  and  debris  will  be  properly  disposed  of  in  accordance  with 
OOE/NV  requirements. 

13.  Passes  for  Access  and  Egress  of  Equipment 

To  arrange  for  appropriate  passes  for  entrv  on  the  NTS,  a  list  of  all 
equipment  and  vehicles  and  their  contents  must  be  submitted  to  the  assigned 
NTS  Project  Engineer  (Winfred  Wilson)  seven  days  in  advance  of  delivery. 

All  property  exiting  the  NTS  must  have  a  Radioactive  Clearance  sticker, 
available  at  the  Radioactive  Material  Control  (RAMATROL)  -luilding,  NTS  (702) 
235-7090,  affixed  to  the  Property  Removal  Authorization.  A  Property  Removal 
Authorization  can  be  obtained  from  the  assigned  NTS  Project  Engineer  (702) 

295 '4001. 
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DEPARTMENT  OF  THE  AIR  FORCE 

MWXlWTtM  »1«  ntCt  C-^-JIMKIHO  AMO  MAWCtt  CtXTI* 
TYNDAU  AM  AAM,  FV  »4«| 


RDCF  (Mr  Bryce  Mason,  904  283-6194) 


«uiM«ct:  Use  of  NTS  Facilities 


2  7  FEB  1986 


^  Mr  Thomas  R.  Clark 

Manager,  Nevada  Operations  Office 
USDOE 

P.O.  Box  14100 
Laa  Vegas,  NV  89114 

1 .  References : 

a.  My  letter,  27  August  1985,  same  subject,  which  formally 
requested  the  use  of  NTS  facilities  for  fire  suppression  testing.  . 

b.  My  letter ,  2$  September  1985 ,  same  subject ,  which 
forwarded  the  test  plan  for  the  subject  fire  suppression  tests. 

c.  Your  latter,  8  November  1985,  approving  the  use  of  NTS 
facilities  for  the  testing. 

2.  While  we  were  able  to  conduct  a  good  scries  of  21  successful 

testa  at  NTS  from  12  to  24  November  1985,  we  were  not  able  to 
complete  the  test  matrix  due  to  weather  constraints.  I  am 
enclosing  a  summary  report  of  the  November  effort  for  your 
information.  A  total  of  15  tests  remain  to  bo  conducted  and  oar 
pcopoaed  echedule  for  these  tests  la  attached.  Those  teats  are 
all  contained  in  the  original  test  plan  matrix.  * 

1.  Request  a  2'Week  window  beginning  4  April  1986  to  complete 
this  test  secies.  General  construction  support  requireaenta 
will  be  minimal  and  photographic  support  will  not  be  required. 
Funds  are  available  for  support.  Further  request  that  on^aUe 
billeting  be  available  for  two  NMFRl  and  four  KSAR  personnel. 
Additional  personnel  from  this  office  and  nKEH:  may  view  certain 
teats,  but  will  not  require  billeting.  Security  clearances  and 
visit  requests  will  be  provided  for  all  participants, 

4.  Please  contact  myself  or  Mr  Tim  StepetU'  of  NMKUI 
(Cocaoerclal  505  247-1412)  If  may  be  of  atvy  further  assistance. 


Atch 

I .  Field  Test  Report 
7.  Test  Schedule 

CC:  HSARCMr  HlUt) 

HQ  SD(Capt  Botachart) 
Aetospacc(Mc  Lewis ) 
NnERKHt  Stapetic) 

ATTAOtMtKt  \ 


Chtlsf,  Flee  Technology  Brnnch 
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Department  of  Energy 

Nevada  Operations  Office 
P.  0.  Box  14100 
Las  Vegas.  NV  89114-410C 


March  21.  1986 


Joseph  L,  Walker 
Chlefr  Fire  Technology  Sr* 

HQAf  Engineering  &  Services  Center 
of  the  Air  Forcp 

Tyndall  Air  Force  Base,  FL  32403 
USE  Of  FACILITIES 


Reference  your  letter  dated  Fel'rua(7  27,  1986,  -iubject  as  abovo,  requesting 
approval  to  proceed  with  15  previously  described  and  planned  tests  which  were 
not  coepletod  during  your  November  1985  test  period. 

Approval  of  your  request  Is  hereby  granted*  based  upon  the  Test  Plan  documenta¬ 
tion  submitted  for  the  November  tost  period.  This  approval  Is  subject  to  those 
saaie  conditions  which  applied  to  our  original  approval  lot'^er  of  Novombor  8, 
1986#  copy  enclosed*  A  new  state  of  Nevada  perralt  will  not  bo  required, 
however,  as  the  state  has  ^een  advised  of  a  resumption  of  testing  to  complete 
activities  planned  to  occur  under  the  original  pemlt  application* 

Current  NTS  scheduling  conflicts  will  require  that  your  two-week  tost  period 
coewsnce  on  April  11#  as  opposed  to  your  proposed  date  of  April  4*  You  should 
also  anticipate  some  conflict  during  the  two-woek  period  which  '-‘^uld  feasibly 
extend  your  test  period  by  a  couple  oT  days* 

If  you  have  any  question  regarding  tnose  conditions,  jUea^a^ontact  Lon  Xlla»r, 
Resource  Uanageweot  and  Budget  Olvlslorw  (702)  ^^«<3^68.  \ 


RMDOiLX-0352 


.0 

^  Mao 


Manager 


Enclosurei 

As  stated 

cc  w/encl t 

Ralph  Hlltx,  MSaR,  Mine  Safety 
Appliances  Co.,  Evans  City.  PA 
Stepetic,  M4  Engrg.  Res,  iMSt. 

Un1y/^e4,  Albuquerqv-e, 

R*  H.  Ids#  Resident  Mgr.»  lLKL,  ^Ofcury,  N'f 
R,  Ida#  Field  Opna,  Prog.  Luader/Kuc Test 
Group  Director,  LLKL,  Llvereore,  CA 
W*  P*  Wolff#  Test  Gp*  Director,  LANL,  F-670,  Los  Alamos,  KM 


:  1  Av  ' 


Joseph  L*  tfalkar 
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cc  w/«ocls  (continued) 

W.  P.  Wolff»  To»t  Gp.  D1r«rtor#  LANL#  Mercury,  NY 
0*  Konnody*  Org.  7130»  SNl#  Albuquorquo#  NN 
B.  G*  Ed««rds»  Rosldent  Mgr*#  SNl#  Mercury^  NY 
H*  0.  Cunnlnghea#  6«n.  Mgr.^  REECo#  Us  Vegas#  NY 
A*  E*  Gurrola#  Viet  Pros.  A  GonK  Mgr.#  H4N#  Las  Vegas#  NV 
R.  W.  Titus#  »Sirt#orolog1st-1n-Charge#  NOAA/WSNSO#  Las  Vegas#  NV 
Col.  R.  W.  Salth#  USAF/D0£-4<V  Liaison  Office#  NV 
J,  K.  Magrudor#  Actg.  AMO 

R.  U.  Taft#  AMES 

V.  F.  Witherlll#  Director,  NTSO 

J.  0.  Steeart#  Actg.  Director#  TOO 

S.  R.  Elliott#  Director#  SHD 
B«  V.  Church#  Director#  HPO 
0.  F.  Miller#  Director#  OPA 

E.  tf.  Adaae#  Director#  SSD 
J.  R.  Rinaldi#  Director#  QAO 

F.  £#  B1ngha«#  HPO 

W.  A.  Wilson#  KTSO 
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FORM  NV-SO 

(«V.  4/ift) 


OPERATIONS  PERMIT 


USOOf 

Nv 


Permit  No. 

04/11/86 


Sponsoring  Agency:  Mine.  Safety  Appliances  Research  etteciive  Dates  04/11/86  -  05/02/86 

Technic»l  Agency  Jn  Field:  _MSAfi  _ _ _ _ _ 

Project  Oesigneiion:  Fire  Suppression  Testing  of  M>nperRolic  Vapor  Control  Foams _ 

ACTIVITY  (Brief  Description)  1)  Develope  dtKUJiienr  at  ion  that  may  be  used  for  A.F,  Certification 
of  the  presently  developed  hvpergolic  propellant  vapor  .ontrol  foajn<  for  use  .js  firo 


suppressants «  2)  To  identify  the  chemicals  released  into  the  enviroi ment  when  foams 


are  used  to  control  hydrazine  fires. 


Field  Operations  will  be  under  the  direct  supervision  of; 


Thonas  J.  Stepetic 


who  may  be  retched  St:  (Telephone  Number)  29S-4373 _ _ [Radio  Net)  _ [ 

Activity  approved  by:  (Cite  DOE  letter  or  other  authority)  DQE/NV  letter  from  Tom  Clark  to  J,  Walker. 
USAF  dated  U/08/65i  subject  Use  of  NTS  Facilities  6  NV  letter  sane  subject  dated 
^  DOE^^On^^siVe'R^p  Vince  lorii,  TOO  ($~U40J,  Bob  Simr.s,  0MB  (5-^015) 

The  following  guidelines  apply  to  this  wor)^ : 

_ y  (\)  Frovlsion*  of  iH'So-SOP  except  ts  a*)'  be  described  below. 

^;)  Reeovel  of  classified  aateriaJs  fro*  the  Nevada  Ten  Site  (NTS)  will  be  coordinated 
^  with  Safeguards  and  KTS  Securit>  (S-0082). 

X  (51  Ml  eateriaU  that  are  b«lr\|  transported  off  the  NTS  aujt  be  proctssed  through 
RSECo  RAMXXaOL  (S-7090). 

X  (4)  Quality  Aaaur«inc(r  atwwiards  ihill  be  ■alnvtined  ai  relates  to  procedures,  fabrication 
of  aaterlaU«  training  of  personnel  and  c<iu;p(unt. 

X  rS)  Ml  test  locations  wlU  be  restored  to  their  original  corulitions.  ' 

X  (6)  Upon  ocapletlon  or  activity,  the  Xguncy  ftepvvsentetlve  will  notify  the  QCC  by  cxiUn* 
S-40U 

(7)  All  conditions  as  stated  in  the  original  letter  of  approval  will  be 
adhered  to. 


.  ajUSWCv  ii4aA|4»Wtis>*e 

Eugene  V.  Polite 

*W4iia  rviMi  ei«ui**,  w 
tr«i  I#; 


')  2  ■/  / 


has  b««n  txieiad  by 


)  -7  7  /  '' 

/\  coa  O^tiArKJM  COd*0*«*4tiON 

Rohtri  Ts  Simms 


CSi4ltU  ^4««ii4MV, 

in*rH<or.  etaa.  Htr«wry.  H/1  TOI 

't.  e'tMS.  R/s  JCl 

1i».  vTiq,  *4«vv«ty.  lyi  rei 

«U<*  *«l,.  MI4  a.  •t>»4r.  I4„twr7.  C.  CS  SO.  »t/S  >«• 

eifc*  d4(ve*sv«Mt  t4r«ir  a  »»4*.  »i4N><fT,  u/s  »4s 

1  «»t# 
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APPENDIX  C 

MINUTES  OF  SIGNIFICANT  MEETINGS 
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Technical  Interchange  Meeting 
Fire  Suppression  Testing  of  Hy'ergolic 
Vapor  Control  Foams 

3  June  1985 


A  technical  interchange  meeting  was  held  at  MSA  Research,  Evans  City,  PA  to 
provide  NMERI  (New  Mexico  Engineering  Research  Institute,  contractor  to  HQ 
AFESC/RDCS  Tyndall  AFB)  with  information  that  will  enable  them  to  make  the 
best  selection  of  site  and  crew  for  the  forthcoming  tests.  The  meeting  was 
held  at  the  request  of  NMERI.  In  attendance  at  the  meeting  were:  Messrs 
Ralph  Hiltz,  Stanley  Hoover  and  Jack  Greer  of  MSAR;  Drs.  Robert  Tapscott 
and  Harold  Beeson  of  NMERI;  Mr.  Joseph  Ranftl  of  The  Aerospace  Corporation. 
Dr,  J.  Wilson  Mausteller,  General  Manager  of  MSAR  was  also  introduced  but 
did  not  participate  in  the  technical  discussion. 

1 . 0  Discussion 

The  meeting  began  with  a  brief  introduction  by  MSAR  regarding  their 
specialization  in  foams  having  properties  of  low  dr^iinage  and  high 
stability.  NMERI  posed  a  series  of  questions  relating  to  the  past 
experience  of  MSAR  in  dealing  with  tests  on  hypergolic  propellants 
and  also  pertinent  to  the  forthcoming  tests.  Responses  are  summa¬ 
rized  in  the  following: 

1.1  Regarding  hazard  data  for  the  Nevada  Test  Sice  (NTS)  MS/M\ 
has  done  an  analysis  for  NTS  and  this  information  is  incor¬ 
porated  in  their  Operational  Plan  for  testing  at  NTS  (copy 
of  plan  available  to  NMERI).  MSAR  stated  further  that 
whether  tests  are  made  at  any  particular  time  at  NTS  depends 
solely  on  the  judgement  of  local  site  management  which  is 
net  greatly  influenced  by  users  input. 

1.2  MSrfVR  plume  calculations  are  based  on  an  Air  Force  Manual 

(reference  given  to  NMERI).  release  is  more  critical 

than  hydrazine. 
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1*3  MSAK  expects  that  NTS  could  be  made  available  within  6  weeks 
lead  time  -  8  weeks  maximum.  MSAR  has  been  there  6  times 
already  for  tests  and  have  stainless  steel  fire  pans  at  NTS. 

1.4  Use  of  the  site  costs  $15,000  -  25)000  per  week.  MSAR,  Tyndall 
and  Space  Division  should  be  able  to  get  it  at  the  lower  figure 
in  negotiation  with  A1  Dietz,  D.O.E.  Washington.  Security 
guards  are  the  biggest  cost  because  of  high  overtime  pay  for  all 
services,  portal  pay,  etc.  If  area  //ll  could  be  fenced,  costs 
could  be  lowered.  Any  already  secure  area  that  might  be  avail-- 
able  would  reduce  costs,  for  example  ETS-1  previously  used  but 
not  available  for  the  coming  tests. 

1.5  MSAR  has  extinguished  some  pure  hydrazine  fires  with  foam. 

5  ft  X  5  ft  pans  were  used.  High  expansion  foam  was  applied 
at  a  aormal  flow  rate,  however  the  low  expansion  foam  was 
applied  in  excess. 

1.6  For  the  tests  planned)  a  3  inch  diameter  hand  held  aerating 
nozzle  will  deliver  75  cfm  of  350:1  foam.  For  low  expansion 
a  standard  three  to  six  gal/min.  nozzle  would  be  used  at  an 
8:1  expansion  ratio* 

1.7  MSAR  furnishes  and  uses  their  own  protective  clothing  and 
breathing  apparatus.  No  self  contained  breathing  apparatus 
has  been  used  nor  is  anticipated  if  MSAR  performs  the  tests. 
There  have  been  no  accidents  in  past  related  testing. 

1.8  MSAR  would  use  3  people  to  run  the  tests,  2  on  equipment  and 
1  on  data. 

1.9  Spring  is  the  best  time  of  the  year  for  tests  at  NTS,  summer 
too  hot,  but  September  and  October  are  satisfactory. 
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2 • 0  Foam  Demonstration 

Following  the  question-answer  session,  MSAR  demonstrated  foaming  equip¬ 
ment  and  their  foam  test  facility.  The  generation  rate  ranged  from 
75  cfm  to  6000  cfm,  depending  on  the  equipment  used. 

3.0  Site  Options 

The  remainder  of  the  meeting  centered  on  the  necessity  of  an  early 
decision  on  site  and  test  personnel  in  order  to  assure  certification 
of  the  foam  by  February  1986,  assuming  successful  tests.  Although 
many  options  are  possible,  it  was  decided  to  consider  the  following 
options : 

3.1  NMERI  mans  all  tests  at  Kirtland 

3.2  MMERI  mans  fuel  tests  at  Kirtland  and  MSAR  mans  oxidizer 
tests  at  NTS 

3.3  MSAR  mans  ail  tests  at  NTS 

3.4  MSiVR  mans  fuel  tests  at  Kirtland  and  also  mans  oxidizer 
tests  at  NTS 

^  ^  Solectiou  Factors 

Tyndall  AFB  has  been  suggested  as  an  alternate  site  to  Kirtland.  Such  a 
decision  docs  not  maccrialiv  affect  the  Issues  associated  with  the  above 
four  selections  nor  the  logic  in  making  a  choice.  The  most  significant 
differences  in  the  above  options  follow: 

4.1  Under  options  3.1  and  3.2  and  to  use  Air  Force  fire  crew  the  use 
of  RFHCO  clothing  would  be  required.  Associated  with  tiv'  ‘  rhe 
cost  of  Air  Force  specialists  and  training  on-site,  as  well  as 
the  supporting  facilities  pertinent  to  the  use  of  RFHCO. 

4.2  In  options  3.2,  3.3  and  3.4  NMERI/Tyndal 1  would  bear  the  costs  of 
use  of  NTS. 
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4.3  Options  3.3  avoids  the  necessary  permitting  at  Kirtland  to  be 
performed  by  NMERI  and  estimated  to  require  2  to  3  months  time. 

This  would  enable  testing  at  an  earlier  date  and  also  allows 
substantial  cost  avoidance. 

5.0  Action  Items 

5.1  NMERI  will  decide  by  14  June  on  which  option  they  wish  to  pursue 
and  30  inform  Space  Division  (in  conversation  with  Dr.  Dennis 
Zallen  on  6  June  this  date  was  changed  to  no  later  than  21  June 
because  of  NMERI  travel  schedules  and  the  necessity  to  confer 
with  Tyndall) . 

5.2  Aerospace/Space  Division  will  assist  in  locating  surplus  hydrazine 
to  minimize  fuel  costs  for  the  tests.  This  can  be  effectively 
accomplished  only  after  the  site  is  selected  and  receiving  arrange¬ 
ments  made. 

5.3  If  tests  ate  to  be  performed  at  NTS,  Space  Division  is  to  contact 
Wendy  Dickson  at  DOE  to  give  go-ahead  on  information  already  fur¬ 
nished  her,  by  HSAR  (this  is  because  of  Ralph  Hiltz^s  travel  out 
of  the  country  until  16  July). 

5.4  If  tests  are  to  be  performed  at  Kirtland,  HSAR  will  make  a  pre¬ 
test  visit  for  site  and  facilities  review. 
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Tim  Stepetic,  APT  Division 

Meeting  on  Fire  Testing  of  Hypergolic  Vapor  Control  Foams, 

September  10,  1985,  APT  Conference  Room,  2420  Alamo,  Albuquerque,  N.M. 


1.  The  subject  meeting  commenced  at  8:00  AM,  with  the  following  people  in  attendance; 


Mr.  Joe  Walker 
Mr.  Sherwin  Lewis 
Capt.  Jim  Betschart 
Mr .  Ral ph  Hi  1 tz 
Dr.  Bob  Tapscott 
Mr.  Tim  Stepetic 


HQ  AFESC/RDCF 
Aerospace  Corp. 
Space  Division 
MSAR 

NMERI/APT 

NMERI/APT 


2.  The  first  subject  discussed  was  the  make-up  and  provision  of  propellants  required 
for  the  tests.  NMERI  has  placed  a  propellant  order  for  the  following  propellants  to 
be  sole-sourced  from  the  San  Antonio  Air  Logistic's  Center  at  Kelly  AF5: 


MMH  17  drums 

Aerozine-50  3  drums 

1  one- ton  cylinder 


The  order  was  placed  with  the  request  that  "OFF-SPEC"  propellants  (with  b%  H^O 
limitation  in  MMH)  be  furnished  to  the  maxiimjin  extent  possible.  The  group  decided 
that  up  to  15  drums  of  the  MMH  requirement  could  be  filled  by  OFF-SPEC  Aerozine-50, 
if  it  is  ava'lable.  It  was  also  decided  that  two  drums  of  anhydrous  hydrazine  and 
two  dru;:s  of  UDMH  would  be  tested.  NMERI  will  adjust  the  propellant  request  to 
reflect  tho«n  changes. 

3.  It  is  uHoffotcod  th.it  Mine  Safety  Appliances  Research  (MSAR)  will  provide  all 
foam  and  delivery  apparatus  with  the  exception  of  10  gallons  of  AFFF  and  10  gallons 
of  polar  fuel  foam  to  be  furnished  by  Mr.  Walker.  MSAR  will  further  furnish  approp¬ 
riate  wearing  apparel  and  breathing  apparatus  for  their  personnel  and  a  reasonable 
number  of  other  participants  as  determined  by  MSAR,  Appropriate  footwear  is  the 
responsibility  of  each  participating/observing  individual.  MSAR  will  furnish  NMERI 
with  general  data  on  safety  apparatus  and  safety  distances, 

4.  The  testing  plan  as  originally  developed  by  MSAR  along  with  a  test  matrix  were 
discussed  in  considerable  depth.  A  test  sequence  and  schedule  were  agreed  upon  and 
are  provided  as  attachments  1  and  2  to  this  memorandum.  Test  numbers  are  in  accord¬ 
ance  with  the  original  MSAR  matrix  which  is  now  expanded  to  include  UOMH  as  Entry  8, 
anhydrous  hydrazine  as  Entry  0  and  polar  fuel  foam  as  Entry  24. 
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5.  Mr.  Walker  has  sent  the  formal  request  for  site  use  to  the  Nevada  Operations 
Office,  and  Mr.  Hiltz  has  provided  the  same  office  with  an  acceptable  operation/ 
safety  plan.  Dr.  Tapscott  will  finalize  the  sampling  plan  (completed  -  Attachment 
3)  by  the  end  of  this  week  and  send  it  through  Mr.  Walker  to  NTS  no  later  than  tne 
middle  of  next  week.  NTS  will  require  2  to  3  weeks  to  process  the  complete  request. 
Mr.  Walker  will  also  MIPR  the  site  support  funds  to  US  DOE  at  NTS. 

6.  We  will  plan  to  have  the  NTS  photo  support  contractor.  Pan  American,  handle  our 
photography  requirements.  In  addition  to  a  comprehensive  series  of  still  photos, 
we  will  require  video  with  time  overlay  and  some  sort  of  IR  or  UV  video,  also  with 
time  overlay.  NMERI  will  work  closely  with  the  photographer(s )  to  insure  complete 
test  coverage. 

7.  Captain  Betschart  will  provide  NMERI  with  an  MDA  sensor  and  tapes  for  use  during 
the  tests.  He'll  ship  it  to  NMERI,  who  will  take  it  to  the  test  site  and  set  it  up. 

8.  NMERI  will  assemble  a  final  test  plan,  drawing  from  MSAR's  plans  and  matrix  and 
Dr.  Tapscott's  sampling  plan.  The  plans  will  be  submitted  to  Mr.  Walker  for  approval 
NET  23  September  1985. 

9.  UL  162  procedures  were  discussed  in  considerable  depth.  The  low  expansion  foam 
will  be  tested  in  accordance  with  UL  162  and  the  high  expansion  foam  will  be  tested 
in  accordance  with  NFPA  11  A. 

10.  If  anyone  desires  corrections/additions  to  these  minutes,  please  contact  me. 


NMERI/APT 

AUTOVON  (244)  9462 
Commercial  (505)  247-3412 


3  Enclosures 

Distribution: 

Mr.  Joe  Walker 
AFESC/ROCF 

Tyndall  AFB,  FL  32403 

Mr.  Sherwin  Lewis 
Aerospace  Corporation 
Director,  Chemical  Systems  Office 
2350  Cast  El  Segundo  Blvd. 

P.  0.  Box  92957 

Los  Angeles.  CA  90009 

Major  Tom  Lubozynski 
AFESC/RDV 

Tyndall  AFB,  FL  32403 


Capt.  James  Betschart 
SD/CFPE 

lAAFS  Box  929600 
Los  Angeles,  CA  90009 

Mr.  Ralph  Hiltz 

MSA  Research  Corporation 

Evans  City.  PA  16033 

Hr.  Surendra  Joshi 
AFESC/RDV 

Tyndall  AFB,  FL  32403 
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MEMORANDUM  OF  MEETING 


October  7,  1985 


1.  A  meeting  was  held  at  the  Mine  Safety  Appliances  Research  Corporation, 
Evans  City,  PA  on  October  1,  1985  to  discuss  testing  protocol  and  MILSPEC 
requirements  for  Subtask  Statement  #3.20,  Fire  Suppression  Testing  of 
Hypergolic  Vapor  Control  Foams.  The  following  attended: 


Mr,  Ralph  Hiltz 
Mr.  Tom  Hughes 
Mr.  Ed  Bolander 
Mr.  Phil  Di  Nenno 
Dr.  Bob  Tapscott 
Mr.  Tim  Stepetic 


MSAR 

Hughes  and  Assoc. 
Hughes  and  Assoc. 
Hughes  and  Assoc. 
NMERI/APT 
NMERI/APT 


2.  Mr.  Hiltz  opened  the  meeting  by  giving  a  general  background  on  how  this 
project  came  into  being  as  a  result  of  the  increasing  use  of  the  hypergolics 
in  the  space  programs  and  the  Damascus,  AK,  Titan  II  incident.  The  resultant 
vapor  control  foams  are  essentially  validated  and  now  have  official  Technical 
Order  procedures  and  National  Stock  Numbers;  however,  they  have  never  been 
seen  through  the  MILSPEC  process.  The  storage  facilities  at  the  present 
launch  sites  are  still  upper  and  lower  water  deluge  systems  with  the  capability 
to  turn  off  the  upper  system  and  use  foam  in  the  lower  system. 

3.  Mr,  Hughes  stated  his  concern  that  the  data  anticipated  from  the  tests 
presently  planned  would  not  be  sufficient  to  produce  a  draft  MILSPEC  as  re¬ 
quired  by  the  Subtask.  He  feels  more  effort  must  be  made  to  reduce  variables 
b.Th  as  application  Type  II  versus  III,  the  effects  of  scale  and  the  use  of 
MI L-F-24385C  versus  UL162  as  a  criteria  foundation.  Mr.  Hiltz  stated  that  he 
felt  that  the  MILSPEC  is  biased  toward  AFFF  (Mr.  Hughes  agrees)  and  that  UL1E>2 
better  parallels  the  character  of  polar  solvents.  He  further  feels  that  Type 
III  will  probably  not  work  with  polar  solvents  and  the  extinguishment  of  a 
square  fire  presents  a  tougher  challenge  than  a  round  fire.  The  reactive 
fires  with  fuel,  tires  and  wood  are  basically  background  tests  and  results 
will  not  necessarily  be  incorporated  in  the  resultant  specification  document. 

4.  Mr,  Bolander  asked  if  we  could  reduce  the  number  of  N2O4  fires  and  increase 
the  number  of  MWH  tests,  but  we  are  too  far  into  the  project  to  make  this 
significant  a  change  at  this  date. 

5.  As  regards  scaling,  previous  vapor  control  testing  at  the  Nevada  Test  Site 
(NTS)  used  50  SF  pans  and  for  ease  of  late  scheduling,  the  same  was  specified 
for  fire  suppression  tests.  Further  investigation  is  required  as  to  NTS 
allowable  fire  sizes  for  possible  future  tests.  HSAR  lab  tests  involved  9  SF 
fires  with  a  low  expansion  rate  of  6  gal/rain  and  high  expansion  rate  of  1.5  CFH/SF. 

6.  The  following  aspects  of  the  test  protocol  were  discussed  in  considerable 
detail; 
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a.  Tests  Al,  2  and  3  will  be  done  with  Type  II  application,  imparting 
the  rear  of  the  pan  approximately  2"  above  the  fuel.  A-15  and  possibly 
others  in  the  15  series  will  be  Type  III  application,  hand-held  with  moving, 
lateral  application  if  possible. 

b.  Standard  nozzles  will  be  used  in  all  tests  (National  Foam  2,  3  and 

6  GPM).  Hughes  Assoc,  will  loan  MSAR  an  AFFF  2  GPM  nozzle  for  the  AFFF  tests. 
NMERl  will  arrange  for  a  back-up  AFFF  nozzle. 

c.  The  standard  pan  (4  each)  to  be  used  will  be  50  SF  square  (7.07'  X 
7.07'),  12  inches  high.  IJe  wi'*!  also  do  a  second  test  for  N-29  with  a  28  SF 
round  pan,  four  inches  high.  Mr.  Hiltz  will  place  the  work  order  with  RECO, 
through  Mr.  Win  Wilson  of  NTS,  to  construct  these  5  pans.  On  the  square 
pans,  we  will  exercise  judgment  on  the  degree  of  corner  extinguishment 
required  and  attained. 

d.  The  type  of  nozzles  and  nozzle  variances  are  OK.  The  nozzle's 
pressure  will  be  100  PSI  from  a  pumper  with  a  250  PSI  capacity.  The  nozzles 
will  have  flow  control  readouts. 

e.  Pre-burn  period  for  all  tests  will  be  2  minutes. 

7.  Mr.  Hughes  advised  of  the  need  to  closely  monitor  the  effects  of  personal 
proximity  to  the  fires.  We  all  agreed  that  this  will  be  handled  as  a  major 
safety  item  and  that  it  is  a  subject  for  future  study  with  different  ensembles 
and  wearing  apparel.  We  must  also  be  alert  to  the  possible  contamination  of 
apparel . 

8.  Mr.  Bolander  addressed  the  following  physical  and  chemical  characteristics 
of  the  foams. 

a.  Refractive  Index  is  required  for  each  solution  to  measure  concentrations. 
MSAR  uses  refractTv¥l ndex  as  a  quality  control  measurement  for  chemical  deteri¬ 
oration  and  mechanical  contamination.  MSAR  will  furnish  the  index  figures  to 
£d. 


b.  Viscosity  roust  be  closely  tracked  within  a  range.  Again,  MSAR  will 
furnish  figures.  Viscosity  is  kept  under  100  CPS,  usually  around  70.  Pectin 
is  heavily  viscous  in  the  surfactant  and  an  in-line  mixer  is  used. 

c.  PHI  for  the  mixed  foams  is  about  neutral  with  an  acidic  acrylic  and 
basic  surfactant.  The  ASE  95  used  for  the  fuels  gels  on  tne  basic  side  and 
can  be  readily  pumped.  The  ASE  60  used  for  the  o^'dizer  gels  on  the  acid 
side  and  cannot  be  pumped  due  to  high  speed  shear  breakup  of  the  emulsion. 

ASE  60  is  fed  through  a  proportioner  and  is  buffered  for  storage.  Containers 
are  polyethylene  lined. 

d.  Spreading  Coefficient  is  not  used  because  the  foam  is  not  film-foraing. 
It  has  a  Surface  tension  of  approximately  24. 

e.  Foamability  is  determined  by  MSAR  through  the  quarter  drainage  of  the 
graduated  cylinder.  This  is  the  NFPA  4.12  test  which  works  better  with  two 
materials. 
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f.  Dry  Chemical  Compatability  is  not  addressed  because  of  Air  Force 
phase-out  plans  for  dry  chemicals. 

g.  BOD  and  COD  should  be  further  analyzed  later  in  the  program.  MSAR 
has  BOD  figures  for  a  2%  solution,  but  they  are  presently  using  a  10% 
solution. 

h.  Environmental  requirements  will  be  determined  by  Hughes  Assoc,  and 
the  requirements  will  be  passed  to  MSAR.  On  proprietary  materials  MSAR  will 
di  close  contents  but  not  proportions. 

i.  Stri pabi 1 i ty  is  presently  being  done  by  MSAR  and  data  are  available. 

-i  •  Sealabi  1  ity  will  be  assessed  via  the  wand  test  prescribed  in  UL  162. 

k.  Aging  data  are  coming  available  through  a  Space  Division  contract 
with  Fresno  State  University. 

9.  There  is  a  range  of  product  validation  documents  which  can  vary  between 
a  minimum  of  a  proprietary  product  description  through  to  a  final  specification. 
Hughes  Assoc,  will  provide  me  with  such  a  listing  and  the  correspondent  time, 
test  programs  and  dollars  required  to  produce  each  type  of  document.  It  is 
not  generally  felt  that  this  test  program  and  a  limited  amount  of  dollars  can 
produce  a  draft  military  specification  by  April  1986.  It  was  later  learned 
from  Captain  Betschart  of  Space  Division  that  the  first  west  coast  shuttle 
launch  will  take  place  in  the  April/May  1986  time  frame  and  that  he  is  looking 
for  a  milestone  schedule  which  delineates  managerial  control  and  visibility 
of  a  program  designed  to  produce  a  final  MILSPl'C. 

10.  Due  to  MSAR's  three-week  limitation  on  field  activities,  the  test  schedule 
will  break  after  1  November  and  testing  (if  necessary)  will  resume  on  11  November. 

11.  The  meeting  closed  with  general  agreement  on  all  test  aspects  and  optimism 
that  *he  test  schedule  would  be  executed  successfully  with  desired  results. 
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February  14,  1986 


hfmorandum  of  meeting 


1.  A  meeting  was  held  at  NMERI  on  January  29,  1986  to  discuss  the  continuation 
of  the  fire  suppression  testing  of  hypergolic  vapor  control  foams.  The 
meeting  was  attended  by  Captain  James  Betschart,  Space  Division;  Mr.  Ralph 
Hiltz,  MSAR;  Dr.  Robert  Tapscott,  NMERI  and  Mr.  Tim  Stepetic,  NMERI. 

2.  Mr.  Hiltz  had  developed  a  proposed  schedule  for  the  continuation  of  testing 
at  NTS  in  the  2  to  U  April  86  time  frame.  This  was  reworked  and  the 
agreed  upon  schedule  is  attached,  the  N„0^  will  not  be  transported  to  the 
site  until  the  A60  tests  are  complete.  The  A50  tests  will  be  a  design 
rate  series  for  both  high  and  low  expansion  -  three  tests  in  each  series. 
There  will  be  no  A50  or  MMH  on  site  during  the  N  0,  testing  except  for 

the  final  two  tests  which  incorporate  both  NO,  and  MMH.  During  the  three 
overnight  NO, soak  tests,  MSAR  personnel  will  man  the  test  site  to  avoid 
added  security  costs  and  to  respond  to  (low  probability)  reactive  combustion. 

3.  Because  of  the  NTS  processing  time  for  site  use  and  the  newly  added  State 
of  Nevada  review  requirement,  it  is  imperative  that  the  site  request  letter 
be  moved  as  soon  as  possible.  The  draft  site  request  letter  with  schedule 
was  sent  to  AFESC/RDCF  on  13  February  for  forwarding  to  NTS. 

4.  Captain  Betschart  had  several  good  suggestions  for  use  in  developing  the 
final  report.  The  report  should  address  the  general  effects  of  wind  on 
extinguishment  times.  Also,  the  report  should  contain  extensive  background 
of  all  Air  Force  hypergolic  studies  to  date. 

Additional  report  techniques  on  acronyms  and  content  listings  were  discussed. 
Chemical  data  sheets  on  all  associated  propellants,  foams,  etc.  will  be 
i ncl uded . 

:.  The  continuation  of  this  project  was  discussed  in  detail.  $75K  is  required 
to  complete  the  testing  -  such  funds  are  not  available  at  present.  The 
alternative  is  to  reduce  the  scope  of  the  project  to  cover  a  MILSPEC  for 
hyd^'azine  fire  suppression  foams  only.  This  would  require  returning  the 
unused  fuels  through  .Kelly  AFB  to  the  suppliers  and  receiving  a  refund 
($17.6K)  and  receiving  a  refund  rrom  NTS  for  site  support  costs  paid  but 
not  incurred  ($i3K).  The  excessive  costs  incurred  by  this  project  were 
generated  by  the  following; 

a.  An  extremely  short  period  of  time  (7  weeks)  between  the  project  stcyt 
date  and  the  available  NTS  testing  window  generated  horrendous  logisti¬ 
cal  problems,  the  resolution  of  which  required  many  more  man-hours  than 
plannee-. 

b.  The  test  schedule  dipped  twice,  necessitating  the  time  and  expense  of 
altering  all  logistical  arrangements.  A  new  hazardous  material  trans¬ 
port  ordnance  passed  by  Clark  County,  Nevada  further  complicated  fuel 
shipping  scliedules. 
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February  14,  ^.986 


MEMORANDUM  OF  MEETING  (continued) 


c.  The  fuels  cost  of  $69K  significantly  exceeded  the  budgeted  c(  st 
of  $50K. 

d.  The  cost  of  purchasing  and  assembling  the  sampling  apparatus 
exceeded  planned  cost  because  the  device  was  the  first  of  its 
kind  to  be  built  and  required  many  refinements  as  construction 
proceeded  and  techniques  were  revised. 

Funds  required  are  as  follows: 


MILSPEC  Preparation 

$25K 

NTS  Use  and  Support 

$19K 

Purchase  of  A-50 

$  6K 

TDY  and  Salaries 

$2SK 

A  determination  on  funds  for  the  remainder  of  t!?:s  project  must  be 
made  as  soon  as  possible. 


Tim  Stepetic 

NMERI/APT  Principal  Investigator 
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TEST  SCHEDULE  TOR  U;;04  FIRE  TESTS 
NTS  -  April  1986 


Apr  i  1  8 
Apri 1  9 

April  10 

April  1 i 
April  !A 
April  IS 

Apr  I  1  16 

April  17 
Ap  I'  i  1  18 


A50  Fire  Tests  -  High  Expansion 
Start  with  IIS  cfiii 

A50  Fire  Tests  -  Low  Expansion 

Condurt  N2O4  Tests  N30  and  026 
Ouern'ght  027 

Conduct  N2O4  Tests  027  and  K.26 
Overnight  L26 

Conduct  N3O4  Tests  L26  and  K27 

Conduct  N2C4  Costs  H8  and  H9 

Conduct  N2O4  Tests  HlO  and  Hlo 
Overflight  !16 

Conduct  N^Oa  Test  1 16 
Move  MMH  to  Site 
Overnight  N^Oa  Gel 

N^Oa-NnHg  Overspray  A2  1 
Overnight  NnFla  Gel 

NnHa-N^Oa  Overspray  A  13 


1.03 

(The  reverse  of  this  page  is  blaiik.) 


APPENDIX  D 
TEST  PLAN 
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CONTRACT  NO.  F29601-84-C  0080 

SUHTASK  STATEMENT  NO.  3.20/00 

FIRE  SUPTHESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 

TEST  PLAN 

1 .  BACKGROUND 

Large  quantities  of  hypergolics  are  stored  and  used  as  rocket 

propellants  in  space  programs,  such  as  the  Space  Shuttle  and  the  Titan. 

Accidental  spills  of  sizeable  quantities  of  these  hazardous  materials  can 

occur  during  transport  on  the  nation^s  highways  as  well  as  during 

j:'‘opellant  handling  operations  at  the  storage  and  use  facilities.  An  Air 

Force  study  to  develop  a  foam  system  that  could  effectively  reduce  the 

volatilization  of  hydrazines  and  nitrogen  tetroxido  spills  has  been 

completed  recently.  Foams  with  additives  were  developed  and  tested  with 

positive  results  for  hypergol  vapor  suppression  even  under  adverse  weather 

and  stream  fh>wing  conditions.  Field  demonstrations  included  scenarios  of  a 

prcipeilant  spill  contained  in  a  simulated  diked  enclosure,  a  running  spill 

on  concrete  surface,  and  a  spill  occurring  inside  u  missile  silo.  The  flume 

extinguishing  capabilities  of  both  low  and  high  expansion  foams  were 

demonstrated  for  pro|>ellant  fuel  fires,  A  major  concern  during  a  hydrazine 
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spill  is  the  spontaneous  ignition  of  the  amine  fuel  and  an  effective  fire 
suppressant  is  ruM»(led  for  emergency  response.  Therefore,  fire  suppression 
testing  of  hyperHolio  vapor'  control  foams  must  bo  conducted  to  {)rovido  the 
Air  Force  certification  of  fire  suppression  agents  for  hydrazine. 

Hydrazines  are  hygroscopic,  water-soluble  propellants  which  would  be 
expected  to  remain  for  a  long  time,  be  absorbed  by  the  ground  and  require 
processing.  The  three  hydrazines  and  possibly  nitrogen  tetroxide  fall  into 
this  category.  If  water  is  used  to  control  the  vapors  or  control  a  fire, 
the  volume  of  the  resulting  aqueous  solution  could  be  substantial  and,  if 
contained  as  a  pool,  would  contaminate  a  substantially  greater  quantity  of 
soil  than  the  hazardous  materials  themselves  would.  When  faced  with  a  vast 
quantity  of  aqueous  solution  or  contaminated  ground  which  must  be  treated  or 
disposed  of,  the  effort  to  develop  a  foam  was  undertaken  to  reduce  the 
quantity  of  water  used  and  reduce  the  containment  volume.  The  used  foam  and 
waste  hydrazine  must  be  disposed  of  once  the  spill  has  been  controlled  and 
contained.  Rather  than  collect  it  and  bury  it  in  a  hazardous  waste 
landfill,  a  controlled  burning  or  incineration  is  proposed.  Depending  upon 
circumstances*  in  s<Mie  cases  it  may  be  most  evironmen tally  effective  to 
effect  a  controlled  burn  in  place.  The  bulk  of  research  has  been  directed 
toward  development  of  the  foams  os  a  solution  to  controlling  the  spill 
hazards.  Very  little  research  has  been  done  to  assess  the  reaction  products 
formed  when  controlling  a  hydrazine  fuel  fire  or  when  incineration  of  the 
used  foam  is  a  means  for  its  disposal. 
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2 .  OBJECTIVES 

Tht'  oh jfc:t  1  vrs  of  this  effort  are  twofold: 

a.  Develop  documentation  that  may  be  used  for  Air  Force  certification 
of  the  presently  developed  hyperbolic  propellant  vapor  control  foams  for  use 
as  fire  suppressants. 

b.  Identify  the  chemicals  released  into  the  environment  when: 

1) .  Foams  are  used  to  control  hydrazine  fires. 

2) .  Foam  covered  hydrazine  is  later  disposed  of  by  burning. 

In  c^arlier  phases  of  this  Air  Force  sponsored  program,  a  series  of 
tests  with  the  propellants  were  successfully  conducted  at  Area  11  und  at  ETS 
1  of  the  Nevada  Test  Site.  Similar  tests  were  conducted  by  the  Mine  Safety 
Applicju>ces  Research  (MSAR)  Corp.  in  Area  11  with  chlorine  and  ethylene 
oxide  in  September  1970.  To  safely  test  hydrazine  and  nitrogen  tetroxide  an 
area  is  needed  where  the  downwind  vapor  concentration  of  the  spilled 
materials  will  not  pose  a  hazard  evtni  under  the  worst  conditions.  In  the 
prior  chluri.e  tests,  the  risk  area  was  sot  at  4.0  miles,  with  a  maxiinum 
allowable  ^.lownwind  vapor  concentration  of  I  pi>ni.  Testing  using  3,000  lb 
antitiea  of  chlorine  was  conducted  with  no  downwind  difficulties.  This 

or  series  of  tests  used  bOO  ll>s  of  each  of  the  two  pro|>ellants.  A  1*0 
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mile  exclusion  area  was  calculated  as  adequate.  This  was  a  circular  risk 
area  radial  inj;  in  all  directions  from  the  lest  site  to  comf)ensatt;  for 
diurnal  wind  chan>ies  which  coul<l  carry  the  vapors  in  any  direction.  All 
tests  were  conducted  without  any  downwind  vapor  hazard  to  adjacent  areas. 
The  Nellis  Air  Force  Range  and  the  U..S.  Fish  and  Wildlife  Service  Desert 
National  Wildlife  Range  are  adjacent  to  the  test  area.  Both  areas  were 
notified  of  the  test  programs.  There  was  never  any  hazard  to  areas  outside 
the  NTS  boundary. 

a.  Test  Setup.  Three  people  from  MS AH  will  need  five  days  to  set  up 
the  test  site.  Bach  fire  test  setup  will  involve  a  surface  area  of  50 
square  feet,  a  rectangular  area  of  5  feet  by  10  feet.  All  tests  will  use 
stainless  steel  pans.  Three  identical  setups  will  be  made  to  allow 
alternating  tests. 

b*  Test  Monitoring.  The  vapor  concentration  of  each  chemical  will  be 

detected  using  four  portable  battery  operated  continuous  recording 

instruments.  The  detectors  hove  a  range  of  0  to  100  ppm.  The  detectors 

will  be  arranged  in  an  arc  covering  a  90  degree  angle  downwind  of  each  test 

site.  The  detectors  will  be  30  degree  apart  and  one  foot  above  ground 

level.  The  wide  coverage  of  the  detectors  will  encompass  the  expected 

changes  in  the  direction  of  the  wind  during  the  test.  The  detector  array 

will  be  used  in  ensure  that  doMiwind  vapor  concentrations  do  not  exceed 

allowable  levels.  Thersal  sensors  will  be  used  to  monitor  fire  intensity 

and  the  degree  of  fire  control  achieved.  One  ton  NJ0^  cylinder  will  be 

moved  to  the  site  along  with  .55-gallon  drums  of  monomethyl  hydrazine,  two 
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drums  of  anhydrous  hydrazine,  two  drums  of  UDMH,  and  three  drums  of  Aerozine 
so.  The  cylinders  ind  the  55  gallon  drums  will  be  covered  with  polyethylene 
to  insure  protection  from  any  corrosive  vapors.  A  water  source  up  to  1,000 
gallons  will  be  needed  in  generating  the  foam.  The  fire  truck  wliich  has 
been  made  available  in  past  tests  would  be  adequate.  After  the  setup  is 
complete,  the  foam  generating  equipment  will  be  assembled  and  tested. 

Observers  from  the  U.S.  Air  Force  and  Aerospace  Corporation  will  he  present 
to  lend  technical  assistance.  They  are  not  expected  to  participate  in  the 
testing.  The  Fire  Chiefs  of  the  Fastern  and  Western  Missile  Ranges  of  the  Air 
force  may  also  be  present  at  the  fire  tests.  A  photographer  will  be  present 
to  document  the  program.  A  total  of  nine  people  should  be  present  during  the 
project.  MSAR  will  be  responsible  for  their  safety  at  the  site. 

Spill  Quantities.  The  tests  will  require  about  2,000  lbs  of 

material.  A  maximum  vapor  loss  of  20%  is  anticipated  at  the  beginning  of 
the  filling  of  the  test  enclosure  when  the  greatest  quantity  of  N.j0^  is 
released,  detector  tubes  will  be  used  to  monitor  the  vapor  concentration 
manually  at  the  outer  risk  area.  After  the  spill  is  completed,  the 
monitoring  at  the  perimeter  of  the  risk  area  will  no  longer  be  necessary. 
Hydrazine  will  be  tested  in  a  similar  manner.  Due  to  its  higher  boiling 
point,  less  losses  are  expected  during  filling.  Four-hundred-fifty  pounds 
of  hydrazine  will  be  used  per  test  with  maximum  filling  losses  in  the  range 
of  10*..  It  is  expected  that  at  least  two,  and  up  to  four,  tests  will  be  run 
cnch  day.  At  the  end  of  each  test,  the  liquid  residue  will  be  treated  to 
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destroy  all  hydrazine.  The  cleanup/disposal  procedures  will  be  those 
defined  during  the  earlier  programs  and  found  acceptable.  Upon  completion 
of  ttie  experiments,  two  days  will  be  nt;e<led  for  cleaning  the  t<^st  site  and 
removing  the  equipment.  The  total  project  should  be  completed  in  20  to  2f> 
working  days  with  about  15  days  given  to  actual  testing.  The  presence  of 
NTS  personnel  during  the  testing  will  be  at  the  discretion  of  DOE.  The  NTS 
botanist  may  wish  to  examine  the  test  area  before  and  after  the  tests  to 
determine  any  influence  on  vegetation  that  may  have  occurred.  Some  acid 
fallout  may  occur  close  in  to  the  test  area  during  the  tests.  NTSSO 

will  provide  area  security.  The  manner  of  isolating  the  area  shall  be 
dictated  by  NTS.  Other  security  measures  deemed  necessary  are  to  be  stated 
by  NTS. 

^ •  SAFETV 

The  chemical  concentrations  will  be  munitoied  by  continuous  recording 
instruments  at  all  times  during  tests.  They  will  also  be  Gtanually  tested 
with  detector  tubes  on  an  intermittent  but  frequent  bssia  when  any  personnel 
will  be  conducting  or  observing  the  test.  Gas  mask  systems  which  are 
capable  of  absorbing  nitrogen  tetroxide  or  hydrazine  to  a  1,000  ppa  level 
will  be  worn  by  those  conducting  the  test.  The  mask  systems  will  be 
uvuxlutjle  to  all  observers.  Self-contained  breathing  apparatus  will  be 
available  to  all  the  personnel  involved,  both  those  conducting  the  teats  and 
the  observers,  should  the  hazardous  vapor  concentration  render  the  face  mask 
useless.  Oxygen  resuscitation  equipment  will  also  be  availabk .  The 
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respiratory  protection  will  be  supplied  by  MSAK  for  those  conducting  the 
tests  and  the  prcdoterm i ned  Air  Fot‘ce  and  Aerospace  Corporation  ))ersonnel« 

Gloves,  protective'  suits,  and  face  shields  will  be  worn  by  those  in  the 
area  during  the  filling,  foam  applications,  and  cleanup  operations.  Fire 
turnout  and  fire  entry  suits  will  be  used  t)y  all  personnel  operating  in  the 
fire  test  area.  All  of  the  personnel  actually  involved  in  the  test  work 
have  experience  with  the  two  chemicals.  The  access  roads  to  the  test  site 
within  the  risk  area  will  be  closed  as  directed  by  NTS,  The  NTS  hospital 
will  be  notified  before  actual  testing  is  started  to  insure  they  are  fully 
aware  of  our  schedule  and  the  hazardous  materials  to  be  tested. 

n.  Fquipmt'nt  and  Facility  xSafety.  All  tt*sts  will  be  conducted  in 
stainless  steel  pans  whu'h  are  inert  to  both  the  fuel  and  u.sidizer.  All 
tcvstn  will  be  conducted  in  the  open  and  no  contact  between  propellant  and 
structures  is  expected.  Teat  locations  will  be  sufficiently  far  removed 
from  structures  and  accumulations  of  comliustible  natural  materials  to  insure 
that  there  can  be  no  deleterious  effects  from  radiant  energy  release.  This 
is  particularly  true  fot‘  «  tests  which  involve  long  tera  contact  between 
nitrogen  tetroxide  and  the  Class  A  combustibles  (wood  and  tires). 

Laboratory  tests  have  shown  that  these  fires  can  release  sparks  iuid  burn 
with  high  inten.sity. 

h.  Personnel  Safety.  The  test  area  will  be  divided  into  three  zones: 

7  ne  1  shall  extend  20  feet  in  all  directions  from  the  test  point,  Zone  2 

n  extend  40  feet  in  all  directions  from  the  test  point,  and  the  final 
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zone  will  be  that  area  upwind  of  the  40-foot  exclusion  area.  All  personnel 
in  observer  status  shall  remain  in  /one  3  unless  otherwise  permitted  by  the 
test  director.  Those  personnel  working  within  Zone  1  during'  a  spill  or  fir»^ 
sequence  shall  wear  total  encapsulating  clothing  and  self-contained 
breathing  apparatus.  When  a  spill  or  fire  is  effectively  controlled  by 
foam,  breathing  protection  may  be  reduced  to  Rocket  Fuel  Handler  Canister 
masks  at  the  discretion  of  the  test  director.  All  personnel  within  the 
intermediate  zone,  more  than  20  but  less  than  40  feet  from  the  test  point, 
shall  wear  Rocket  Fuel  Handler  Canister  masks  during  active  spills  or  fires. 
This  protection,  at  the  discretion  of  the  test  director,  may  be  reduced  to 
respirators  approved  for  organic  vapors  when  the  test  is  under  effective 
foam  control.  Repirators  approved  for  organic  vapors  must  be  carried  by  all 
personnel  at  all  times  when  in  Zone  3.  This  zone  will  be  monitored 
routinely  for  propellant  vapor  during  all  active  test  operations,  i  vels 
exceeding  the  TLV  for  either  propellant  shall  be  assessed  by  the  test 
director  to  deten?^ine  a  need  for  observer  evacuations.  Should  such 
evacuation  be  ordered,  the  I'espirutors  shall  be  donned  and  utilized  until 
directed  otherwise  by  the  test  director  or  his  designee.  The  mode, 
direction,  and  distance  for  evacuation  shall  be  determined  by  the  test 
director.  No  deviations  from  these  procedures  will  be  allowed  on  the  test 
site  unless  all  propellants  are  totally  contained  within  approved  vessels. 
Regardless  of  conditions,  respirators  approved  for  organic  vapors  shall  be 
carried  by  all  personnel  at  ail  times  unless  higher  levels  of  breathing 
protection  are  mandated. 
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^ •  technical  REQi^IREMENTS 

.1.  rh('  t('sl  plan  shall  tu'  a{)iM  ovrd  by  th<‘  Subtask  OTfu«*i  b<»foM* 

I'ondin't  inK  any  tire  testing  of  tlu,'  hyper^’olic  propellants.  Ti‘st 

eon  I  1  1  I  opf'rat  ions  and  locations  snail  be  approved  by  NMEltl.  All 

tiata  corurerning  foam  performance  and  the  assot:iatevi  recording 

inst ruwcnt at  ion  shall  be  provided  by  NMKKI,  Site  preparation,  safety 

proi.edures ,  foam  and  required  equipment  to  produce  foam,  protective 

('lothing,  test  pits,  waste  disposal,  test  configuration  materials,  and  the 

storage-,  handling  and  application  of  foams  and  propellants  shall  be  provided 

from  A!''  Contract  KdlJhOO  83-C  OblfC  Equipment  for  plume  and  waste  saniple 

colloid  ion  snail  tu?  provided  by  NMfiHI, 

b.  S>U  in  ;-ot“sonnid  shall  direct  the  testing.  Overriding  dire<'t  ion 

shall  be  given  by  the  subtask  project  officer  to  meet  environmental  and 
safety  requirements.  Personnel  to  handU*  fuels/oxidizers ,  tlie  foam 
g«?neration  and  application,  and  test  configurations  shall  be  provided  from 
AK  contract  F'lLh^OO -83-^0 -0615.  All  data  recording  shall  be  provided  by 
All  evaluations,  analyses,  and  reporting  shall  be  done  by  KMKHI. 
Testing,  recording,  and  analysis  methods  shall  be  approv- d  by  the  Sublask 
Ofticer,  A  final  report  and  video  documentation  sluill  be  prepartnl.  The 
perforToance  of  foams  and  equipment  shall  be  piue;ente\d.  A  draft  military 
specifications  sha  1  be  prepared.  All  tmdb«>ds,  operations,  results, 
conclusions  and  recommendations  for  fire  suppression  shall  be  reported. 
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c.  specification  testing  shall  be  accomplished  to  provide  data  similar  to 
MILK  243Hf)C  for  incorporation  into  a  complete  military  sp<H:i  f  ication.  All 
evaluations  and  I'eport  i  ng  shall  he  done  by  NMKRI,  Testing,  r'ecording  and 
analysis  methods  shall  he  ap[>r'ovecl  by  the  Subtask  OKficerv  A  final  ropoi't 
and  video  documentation  shall  he  prepared.  A  draft  military  specification 
shal 1  be  prepared.  A1 1  methods ,  operations,  results ,  conclusions ,  and 
recommendations  for  fire  suppression  shall  be  reported, 

d.  The  test  listing,  schedule  and  matrix  and  the  Environmental  Sampling 
Plan  are  attaclunents  1  tluough  4  to  this  ulan. 


Prepartni  hv: 

Mr,  Tim  Stopolic,  Principal  Investigator  Date 


Reviewed  by:  _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ 

Dr,  Dennis  fallen,  APT  Mun?iger  Date 


Approved  by; _ _ _ _ _ _ _ 

Mr.  Joe  Walker,  AF  Toak  Officer 
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FIRE  SUPPRESSION  TESTING  OF 
HYPERGOLIC  VAPOR  CONTROL  FOAMS 

ORGANIZATIONAL  CHART 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  ^ _ A- 1 

Fuel  MMH 


Date  11/13/85 
Amount  55  gallons 


Weather 

T  e  mo  36°F 

W ind  N  17  mi/h 


Foam  MSA  ASE-95 
Nozzle  6  gal/min 


Pan  Size^ohape 

52.5  ft^  / 

Pour  Start. 

1401 

Fuel  If^nition 

141? 

Foam  Application^ 

. 1413_  ___ 

Extinguishment _ 

1414 

hurn-off  Start 

1500 

Expansion _ Low _ 

Configuration  Single _ 

square _  New  X  _  Used. 

Complete  1409 


Total  Extinguishment  Time  1  minute  18  seconds 
Comple  te _ 1539 _ _ 


REMARKS 

1.  Nozzle  become  partially  obstructed  at  beginning  of  foam  flow  -  either 

from  foreip.n  matoriai  or  freezltuT.  Estimated  flow  from  nozzle  is _ 

_ f.al/mln, _ _ _ _ _ _ _ _ _ _ _ _ 

2.  Wand  test  caused  slight  flare-ups  on  three  sides  but  they  self- _ 

extlnp.uishod  immodiatelv , _ 

3.  Chimney  tost  with  1  minute  burn  resulted  In  axtlngulshmont  in  less  than 

5  seconds. _ _ _ _ _ 

A.  HHH  is  very  difficult  to  reig.nlte  for  burn-off. _ 

5.  Test  was  sampled.  _ _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  # 

A-2 

Date  11/14/85 

Weather 

Fuel 

MMH 

Amount  55  gallons 

Temp  46^F 

Wind  NE  6  mi/h 

Foam 

MSA  ASE-95 

Expansion  Lo\v 

Nozzle^ 

2  pal /min 

Configuration  Sinele 

2 

Fan  Size/Shape  52.5  ft  /  square  New  X _  Used 


Pour  Start 

1308 

Complete  1320 

Fuel  Ignition _ 

1322 

Foam  Application^ 

1324 

Extinguishment _ 

not  achieved 

Total  Extinguishment  Time _ 

N/A 

burn-off  Start _ 

H/A_  ___  _ 

Complete  1350 

REMARKS 

1  ■  Prcburn  wag,  2.  wiitvuto 3. . _ _ _ _ _ _ 

_ Flre_.appeo.r.ed  .to_.but.n  m  pan..  ._^  allowioR.  It  ta 

reach  the  backboard.  _ _ _ 

3.  Foam  allowed  to  flow  for  5  atnvites  -•  did  not  control  or  extlnRMlsh. 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  A- 3 _  Date  11/14/85 _  Weather 

Fuel  MMH _  Aii\ount  55  gallons  Temp  ^5^F 

Wind  NE  6  mi/h 

Foam _ MSA  ASE-95 _  Expansion _ Low _ 

Nozzle  3  gal/min _  Configuration  Single _ 

2 

Pan  Size/Shape  52.5  ft  /  square _  New  X _  Used _ 

Pour  Start _ 1438 _  Complete _ 1509 

Fuel  Ignition _  1510 _ 

Foam  Application  1311 _ 

Extinguishment  1313 _  Total  Extinguishment  TimG2  minutes  13  seconds 

burn- off  Start _ 1545 _  Complete  1645 _ 

REMARKS 

1.  Small  flares  along  sides  of  pan  durltm  vand  test>  self-extinRulshed  in 

less  than  20  seconds,  _ _ _ _ _ _ 

2.  Chimney  test  self-exttngulshod  in  27  seconds. _ 

3.  Test  was  sampled. _ | _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  A-8 

Date  11/17/85 

Weather 

Fuel  MMH 

Amount  55  gallons 

Temp  50^F 

Fo am  MSA  AS E - 

95 

Expansion  Hi  eh 

WindNW  20  mi/h 

3 

Nozzle  118  ft  /min 

Configuration  Single 

Pan  Size/Shape _ 

52.2  ft^ 

f  square  New 

Used  X 

Pour  Start 

1510 

Complete  1518 

Fuel  Ignition 

1519 

Foam  Application. 

1520 

Ex  t i ngu i shme  n  t _ 

1521 

_  Total  Extinguishment  Time_ 

1  minute  1  second 

burn«off  Start 

1530 

Comolete  1830 

REMARKS 

2  2 

1.  Foam  tanks  pressurized  at  100  Ib/ln.  --  pressure  at  nozzle  was  30  Ib/in. 

2.  Very  orderly,  clean  test. _ 

3.  Test',  was  sampled. _ _ _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  A-15 

Date  11/17/85 

Weather 

Fuel  MMH 

Amount  55  gallons 

Temp 

52°F 

Foam  MSA  ASE-95 

Expansion  Low 

WindNW 

17  mi/h 

Nozzle  6  gal/min 

Configuration  Sinele 

2 

Pan  Size/Shape  52.5  ft 

/  square  New  X 

Used 

Pour  Start  1353 

Complete  1401 

Fuel  Ig:nition  1403 

Foam  Application  1404 

Extincuishment  1405 

_  Total  Extinguishment  Time_ 

1  minute 

12  seconds 

burn- off  Start  1415 

Complete  1500 

REMARKS 

1,  This  test  provided  the  fourth  data  point  to  establish  a  credible  design 
rate  curve  --  design  rate  determined  to  be  4  gal/mtn. _ 


FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  A-9 

Date  11/18/85 

Weather 

Fuel  MMH 

Amount  30  gallons 

Temp  40^F 

Foam  MSA  ASE-95 

Expansion  Hieh 

NNE  28  mi/h 
Wind  gusts  to 

46  mi/h 

Nozzle  24  ft^/min 

Configuration  Single 

Pan  Size/Shaoe  52.5  ft^  / 

sauare  New 

Used  X 

Pour  Start  1009 

Comnlete  1012 

Fuel  Icnition  1014 

Foam  Anolication  1015 

Extineuishment  not  achieved 

Total  Extinguishment  Time_ 

N/A 

burn- off  Start  N/A 

Comnlete  1035 

REMARKS 

1.  No  extinguishment  or  control  after  5  minutes  of  foam  application. 

2,  Two  dry  spots  appear  In  pan  after  preburn  but  have  no  effect  on  test 

results . _ 

1. _ Winds  threatened  to  ignite  brush  behind  pan. _ 

A.  Test  was  sampled. _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  # 

A-IO 

Date  11/18/85 

Weather 

Fuel 

MMH 

Ajnount  55  eallons 

Temp  42^F 

Foam 

MSA  ASE-95 

Expansion  Hish 

W  15  mi/h 
Wind  gusts  to 
29  mi/h 

Nozzle__ 

35  fc^/min 

Configuration  Single 

2 

Pan  Size/Shape  52,5  ft  /  square _  New _  Used _ X 


Pour  Start 

1950 

Complete  1457 

Fuel  Ignition 

1459 

Foam  Application^ 

1500 

Extinguishment _ 

not  achieved 

Total  Extinguishment  Time _ 

N/A 

burn-off  Start 

_ NM _ 

Comolete  1550 

REMARKS 

1.  No  extinguishment  or  control  after  5  minutes  of  foant  althoifgh  foam  came 

close  to  achieving,  control. _  _ _ _ _ 

2.  In  lesser  wind,  foam  would  have  exttn£;.u_lsheci  in  2  to  3  inlputea,  _ 

3.  Test  was  sampled. _ _ _ _ _ _ 
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Test  # 
Fuel 


FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIG  VAPOR  CONTROL  FOAMS 


A- 16 
MMH 


Date _ 11/19/85 

Amount  55  gallons 


Weather 

Temp  42^F 
light  and 
Wind  variable 


Foam _ MSA  ASE-95 _ 

3 

Nozz le  79  ft  /min _ 

Pan  Size/Shape  52.5  ft^  / 


Expansion _ High _ 

3  3 

Conf i gur a tion  24  ft  /min  +  55  ft  /min 
square _  New _  Used  X _ 


Pour  Start _ 1420 

Fuel  Ignition _ 1431 

Foam  Application  1432 

Extinguishment _ 1433 

bum-off  Start _ 14SQ 


Comp  1  e  t  e _ 1429 


Total  Extinguishment  Time  1  minute  15  seconds 
Comp 1 e  te  1530 _ 


REMARKS 

1,  Good  test  with  effective  extlnRulshment,  ^  _ _ _ 

2.  Since  burn-offset  up  very  cleanly.  55  ft  /min  nozzle  was  used  for 
_ *^plggy-back**  test.  Fcnm  extinguished. fire  in  I  minute  50  seconds. 

except  for  badly  varned  back  corners  vhere  acrvlntc  from  orlp.inal  tost 
continued  t_o_burn. _ _ 
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EIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  A-lA 
Fuel  MMH 


Date  11/20/85 
Amount  25  gallons 


Weather 

Temp  43^F 
Wind  SE  6  ml/h 


Foam _ MSA  ASE-93  _  Expans  ion _ Low _ 

Nozzle  2  ^al/min  Flared  AFFF  Configuration  Single 

2 

Pan  Sizc/Shape  28  ft  /  round _ New  X _  Used _ 

Pour  Start  1227 _  Complete _ 1232 

Fuel  Ignition _ 1233  _ 

Foam  ApplicatIoi'\  1234 _ 

Extinguishment  not  achieved  Total  Extinguishment  Time _ N/A 

bun^-off  Start _ N/A  Complete  1305 


REMARKS 


l^^.,roam_wji$__pIunged  Into  middle  of  pan  which  produced  t\ 


X 


FIRE  SUPPRESSION  TESTING  OF  IIYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  B- 16 
Fuel  UDMH 


Date  11/20/85 
Amount  55  gallons 


Weather 

T  e  mp  40^F 

Wind  S  3  mi/h 


Foam  MSA  A$E-93 

Nozzle  79  ft^/min 


2 

Pan  Size/bhape  ^0  ft 

Pou X  Star t _ 

Fue  1  1  gn  i  t  i  on _ 1A!>2 

Foam  Application 

Kx  1 1  ngu  i  shiiicnt _ 1501 

bui-P'Of f  Start _ 1520 


_  Expans  ion _ High _ 

3  3 

_  Configuration  ?A  ft  /min  +  55  ft  /min 

/  square _  New _  Used  X _ 


Complete _ 1^51 


Total  Extinguishment  Timo6  minutes  30  secoiuis 
Comp 1 0 1  o  1610 _ 


Hi^tARKS 


JMcfibun\_ 

2  minutes  30  seconds,  duo  to  opened  disconnect  in  ^oam  hose. 

Fire  way 

acCvuiMv  conr.rollptii  i  t  3  minut<js  30  soconds.  but  ic  Cook  3  mtn:*.’ 

mimiCPS  CO  pxrtni’.ulsh  corners. 

Tho 

and  in'r.onsic.Y  of  tho  fii'o  btoke  cho  hiRh'Pxnans  ion  down  co  low 

oxnonslpn.  which  offeccivolv  scr.lod.  Thi?  tu’vlv  «P\vUocl_hitih-cxi>nHr.ion 

moved  slowlv  over  the  law-expansioi\  seal  into  the  corners. 

The  IIDHH  produced  no  vis  Mil  c  '^anors  dvtrinr.  oour  and  looked  relative Iv 

bonifin. 

U»on  iRoltion.  however.  iC  nrodvicod  a  hi|t.h  (10  '  15  fcoxK.. 

and  brip.hc  oranpo.  fhitao.  .  .  _ 

s 

Test  was 

sampled.  - - -  - - - - 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  D-16 

Fuel  AH 


Date  11/20/85 
Amour.t  55  gallons 


Weather 

Temp  37°F 
light:  and 
Wind  variable 


Foam  MSA  ASE>95 _ 

3 

Nozzle  79  ft  /roin _ 

2 

Pan  Slze/Shane  50  ft  / 

Pour  Start* _ 1043 

Fuel  Ignition _ 1053 

Foam  Application _ 1054 

Extinguishment _ 1055 

burn-off  Start _ 1115 


_  Expans  ion _ High _ 

3  3 

_  Configuration  24  ft  /min  4-  55  ft  /min 

square _ New  X _  Used _ 

_  Complete _ 1051 


Total  Extinguishment  Time  45  seconds 
Comp  1  e  t  e _ 1200 _ 


REMARKS 

1,  Preburn  was  1  minute  25  seconds. _ 

2,  During  foam. application,  quick  disconnect  opened  and  5  seconds  of 

arplicatlon  time  was  lost. _ 

3,  Test  was  sampled, _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGQLIC  VAPOR  CONTROL  FOAMS 


Test  #  A-24-I 

Fuel  MMH 


Date  11/21/85 
Amo un t  55  gallons 


Weather 

Temp  46^F 
^ ind  N  5  mx/h 


Foam  Ansulite  ARC  6  percent 

Uozzle  6  gal/min _ 

2 

Pan  Size/Shape  50  ft  /  snuare 


Expans ion_ 


Low 


Configuration  Single 


New 


Used 


Pour  Start 


Fuel  Ignition^ 


1253 


1301 


Foam  Application  1302 

Extinguishment _ 1303 

burn-off  Start _ 1315 


Complete^ 


1300 


Total  Extinguishment  Time  1  minute  15  seconds 
Complete _ 1335 _ 


REMARKS 

1.  Foam  applied  for  full  5  minutes, _ 

2.  No  relgnltlons  on  wand  test, _ 

3.  Foam  extinguished  flame  5  seconds  after  chimney  removal. _ 

^ .  After  initial  extinguishment,  foam  percolated  with  appearance  of 

releasing  vapoi  vS  . _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  # 

A-24-2 

Date  11/21/85 

Weather 

Fuel 

MMH 

Amount  55  gallons 

Temp 

51°F 

Foam _ 

Ansulite  ARC  6  percent 

Expansion  Low 

Wind  S 

3  mi/h 

Nozzle, 

4  eal/min 

Confieuration  Two 

tandem  2  j^al/min 

2 

Pan  Size/Shape  50  ft  /  square _ New _  Used _ X. 


Pour  Start 

1424. 

Complete  1433 

Fuel  Icnition 

1434 

■ 

Foam  Application^, 

1435 

— 

Extinguishment _ 

1439 

Total  Extinj^uishment  Time  4  minutes 

burn- off  Start _ 

1450 

Complete  1520 

REHARKS 

1.  Foam  applied  for  full  5  minutes, _ _ 

2.  No  ralpnltlon  on  wand  test. _ _ _ _ 

3.  Upon  removal  of  chimney,  flame  hole  reduced  to  3 -Inch  diameter.  After  5 

minutes  hole  Increased  to  24- inch  diameter. _ _ 

4.  i-oam  patcolated  stratlar  to  A«24-l. _ _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 

Test  #  B- 15 _ Date  11/21/85 _  Weather 

/ 

Fuel  UDMH _  Amount  55  g:allons  Temp  42^F 

W ind  S  2  mi/h 

Foam _ MSA  ASE-95 _  Expans  ion _ Low _ 

Nozzle  A  gal/min _  Configuration  Two  tandem  2  gal/mln 

2 

Pan  Size/Shape  50  ft  /  square _  New _  Used  X _ 

Pour  Start _ 1055 _  Complete _ 1103 

Fuel  Ignition _ 1  lOh _ 

Foam  Application  1105 _ 

Extinguishment  not  achieved  Total  Extinguishment  Time  N/A _ 

burn-off  Start _ N/A _  Complete _ 1200 _ 

REMARKS 

1.  No  control  or  extlnp.ulshment  after  5  minutes  of  foam  application. _ 

2.  A  very  hot  and  intenvse  fire. _ _ _ _ _ 

3.  It  appears  that  design  rates  based  on  MKH  are  Insufficient. for  UDMH. 


Test  vns  sampled . 


FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  A-23 _  Date  11/22/85 _  Weather 

Fuel  MMH _  Amount  55  gallons  Temp  31^F 

light  and 
W ind  variable 

Foam  Ansullte  AFFF  6  percent  Expans  ion _ Low _ 

Nozzle  6  gal/min _  Configuration  Single _ 

2 

Pan  Size/Shape  50  ft  /  square _  New _  Used  X _ 


Pour  Start 

0946 

Complete 

0956 

Fuel  Ignition 

0957 

Foam  Application 

0958 

Extinguishment 

1001 _ 

Total  Extineuishment  Time2  minutes  51  seconds 

burn- off  Start 

1020 

Complete 

1045 

REMARKS 

minutes . 

2 .  No  relRnit Ions. 

test . 

L _ On  chimney  test,  hole  enlarged  very  sllEhtly  after  5.  ml.mvtes._o.g.b_um, 

4.  Impressions  were  that  4  pal/mln  application  rate  would  not  have 

extlnRvtished  fire.  _ 
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FIRE_SUPPRESSIQN  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  E-15/F-15 

Fuel  _ mw 


Date  11/22/85 
Amount  55  gallons 


Weather 

Temp  53^F 


Wind  S8mi/b 


Foam 


MSA  ASE-95 


Expans ion_ 


Low 


Nozzle  4  p.al/min 


Pan  Size/Shape  50  ft  /  square 


Pour  Start 

1358 

Fuel  Ignition 

1408 

Foam  Application _ 

1409 

Extinguishment 

1411 

burn-off  Start 

1435 

Configuration  T>vo  tandem  2  gal/min 
_  New _  Used  X _ 


Complete, 


1407 


Total  Extinguishment  Time2  minutes  20  seconds 
Complete _ 1530 _ _ 


RFilARKS 

l._  Flre„ was___vmcier  control  in  1  minute  5  seconds  --  small  bvit  persistent _ 

_ five^emalncd  in  two  corners  behind  obstruction  --  obstrvtction  and  metal 

same  as  test  number  E-16/F-16. _ _ _ 

■2.. _ Pan  cracked  at  odiie  seam  and  began  to  leak  oai't  way  through  pour.  Drip _ 

_ and  heavy  accumulation  of  vnnors  vmder  nan  —  neitl^er  drlo  nor  vapors _ 

_ iRnlted  upon  fuel  ignition. _ _ _ _ _ 

Wand  test  caused  no  reirnltlon  with  heavy  emphasis  arovmd  obstruction _ 

and  metal . _ _ _ _ 

not  perform  chimney  test  duo  to  nan  leak. _ _ _ _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIG  VAPOR  CONTROI,  FOAMS 


Test  #  E-16/F-16 

Fuel  MMH _ 


Date  11/22/85 
Amount  55  gallons 


Weather 

T  emp  A8°F 

W ind  S  i  mi/h 


Foam  MSA  ASE-95 

Nozzle  79  ft^/min 

2 

Pan  Size /Shape  50  ft 

Pour  Start _ 1154 

Fuel  Ignition _ 1205 

Foam  Application  1206 

Extinguishment _ 1206 

burn-off  Start _ 1225 


_  Expans  ion _ High _ _ 

3  3 

_  Configuration  24  ft  /min  +  55  ft  /min 

/  square _  New _  Used  X _ 


Complete _ 1203 


Total  Extinguishment  Time  39  seconds 
Complete _ 1310 _ _ 


REMARKS 

1.  At  1204  a  rusty  barrel  was  placed  in  the  tnidd le  of  the  pan  and  wired 

together  assemblage  of  rusty  metal  pieces  was  aced  1  foot  from  the 
barrel.  Upon  placement  there  was  no  visible  reaction  between  the  metal 
and  MMH. _ ' _ 

2.  Foam  flowed  around  obstruction  with  no  difilcultv. _ _ 
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FIRS  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  A‘1B _  Date  11/24/85 _  Weather 

Fuel  Leaded  gasoline _  Amount  25  sallons  Temp  52^F 

Wind  SE  5  mi/h 

Foam _ MSA  ASE-95 _  Expans  ion _ Low _ 

Nozzle  2  gal/min _  Configuration  Single- flared  AFFF  type 

2 

Pan  Size /Shape  28  ft  /  round _  New _  Used  X _ 

Pour  Star t _ 1210 _  Complete _ 1212 

Fuel  Ignition _ 1214 _ 

Foam  Application  1215 _ 

Extinguishment  not  achieved  Total  Extinguishment  Time _ N/A _ 

burn-off  Start _ N/A _  Complete _ 1250 _ 

REMARKS 

1>  Foam  controlled  fire  at  approximately  3  minutes  --  continuing  edge  fire 

and  small  center  vapor  fires « _ _ _ _ 

2.  During  burn-off,  foam  showed  good  sealing  characteristics. _ 


138 


Test  #  N-29 


Weather 


SUPPRESSION  TESTING  OF  HYPERGQLIC  VAPOR  CONT 

_  Date  11/24/85 

Fuel  Heptane _  Amount  55  gallons  Temp  52^F 

W ind, SW  5  mi/h 

Foam _ MSA  ASE-95 _  Expansion _ Low _ 

Nozzle  4  gal/min _  Configuration  Two  tandem  2  pal /min 

2 

Pan  Size/Shape  50  ft  /  square _  New _  Used  X _ 

Pour  Start _ 1114 _  Complete _ 1118 

Fuel  Ignition _ 1120 _ 

Foam  Application  1121 

Extinguishment _ 1124 _  Total  Extinguishment  Time2  minutes  57  seconds 

burn- off  Start _ 1135 _  Complete _ 1205 _ 

REMARKS 

1.  Control  achieved  in  1  minute  15  seconds. _ 

2.  Wand  test  produced  slight  side  flaring  for  2  to  3  seconds. _ 

3.  Chimney  test  self-extinguished  in  4  seconds. _ 

4.  One  nozzle  experienced  partial  block  during  application  --  estimate  3  to 

3.5  gal/min  application  rate. _ _ 

5.  Extremely  hot  fire  •-  warped  pan  badlv. _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  # 

N-30 

Date  11/24/85 

Weather 

Fuel 

Heptane 

Amount  55  gallons 

Temp  53°F 

Wind  S  6  mi/h 

Foam 

MSA  ASE-95 

Expansion  Hi eh 

Nozzle 

79  ft^/min 

3  3 

Conf ieiuration  24  it  /min  +  55  ft  /min 

Pan  Size/Shape  50  ft^ 

/  square  New 

Used  X 

Pour  Start _ 1257 _  Complete^ _ 1302 

Fuel  Ignition _ 1303 _ 

Foam  Application  1304 _ 

Extinguishment _ 1306 _  Total  Extinguishment  Time  1  minute  35  seconds 

burn-off  Start _ 1315 _  Complete _ 1400 _ 

REMARKS 
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Test  #  H-8 


Date  4/15/86 


Weather 


Fuel  Diesel 

FueL/N„0. 

Amount  30  palions  ea 

Temp  69  F 

Foam  MSA  ASE 

2  4 

-60 

Exoansion  Hi  eh 

SW  17  miA 
Wind  ?.usts  to 

26  rni/h 

Nozzle  142  ft^ 

/min 

3 

ConCieuration  118  ft’  /min  +  24  ft'^/min 

Pan  Siza/Shape 

50  ft^  / 

sauare  New 

Used  X 

Pour  Start 

1120 

Complete  1133 

Fuel  Ignition _ 

1134 

Foam  Application 

1135 

Extinguishment _ 

1139 

_  Total  Extinguishment  Timei. 

minutes  30  seconds 

burn- off  Start _ 

_ mi _ 

Comolete  1212 

REMARKS 

1.  30  gallons  of  poured  Into  pan  via  20-foot  PVC  extension  from  one- 

ton  cylinder. _ _ _ _ 

2.  Cylinder  then  moved  50  feet  back  and  30  gallons  of  diesel  poured  from 

- 10jLfQot_ext.en$lQn  to  5.5  RaUan-druro  q£.  diesel, _ 

3.  One  minute  preburn. _ _ _ _ _ 

_ Fite. Initially  extlnRvtlshed  at  3  minutes  20  seconds  --  self: trelRol ted  ^ 

seconds  latet  -•  continued  foam  achieved  final  extlnp.ulshment  at  3 
minutes  50  seconds. _ 

5.  .Frequent  ^usts  Interfered  with  foam  application  --  estimate  under  normal 

wind  conditions  (6  to  12  application  rate  would  have  eKtin^uishcd 

_  In  approximately  2  minutes. _ 

6.  Extremely  Intense  fire  --  we  feel  that  in  future  diesel  fires,  a  30 _ 

_ second  preb.utn  will  allow  for  a  fully  developed-lige. _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  H- 9 _ 

Fuel  Diesel  Puel/N„0. _ 

Fo am  MSA  ASE-60 _ _ 

Nozzle  236  f _ 

2 

Pan  Size/Shape  50  ft  /  square 


Date  A/15/86 _ Weather 


Amoun t  30  gallons  ea 


T  e  mp  71^F  

SW  21  mi/h 
W ind  gusts  to 
37  mi/h 


Expans  ion _ HiR;h _ 

3 

Configuration  Two  tandem  at  118  ft  /min 


New _  Used _ 


Pour  Start _ 1!>I9 _ Complete _ 1336 

Fuel  Ignition _ 1537 _ 

Foam  Application  1537 _ 

Extinguishment _ 1539 _  Total  Extinguishment  Time  1  minute  5  secopds 

burn- of f  Start _ 155Q _  Complete _ 1615 _ _ 

REMARKS 


1.  Prohurn  reduced  to  30  seconds. 


A  baffle  was  added  to  tl)0.  foam  apparatus  to  reduce  the 

hlp.h  wind  effect. 

3, 

_  F.ssenCiallv  t:he  baffle  was  cho  Cop  of  a  ^5  scallon  drum 

cut  to  thread 

onto  the  oipeline  of  24  inohes  behind  the  front  of  the 

n9?;?les .  In.  this 

the  baffle  led  to  better  fo.am  fonnatlon  with  less  wind 

Indviced 

di  5;nevs  Ion . 

Uhlle  the  p.ust  veloo.itv  was  hlchor  durlnp.  this  test,  the  dominant  winds 

were  stendv  at  1?  Co  23  mi/h  Aind  jiuscs  were  Irvfreauent. 
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Test  #  H-8R 


Weather 


SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONT 


FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VA^OR  CONTROL  FOAMS 


Test  #  H-10 

Date  4/16/86 

Weather 

Fuel  Diesel. 

Fuel/N„0, 

Amount  30  gallons  ea 

Temn  36^F 

Foam  MSA  ASE 

Z  4 

-60 

Exparision  Hi  eh 

SW  8  rai/h 
Wind  p.ust  to 

13  mi/]^ 

Nozzle  118  ft^ 

/ntin  _ 

Configuration  Sinele 

Pan  Sizf'/Shape 

50  ft^  / 

square  New 

Used  X 

Pour  Start 

1044 

Somolete  1 102 

Fuel  Ignition _ 

1103 

Foam  Application 

1106 

Extinguishment _ 

IIM 

_  Total  E;<CiiAguisl\inent  Time_ 

1  mlmite  41  seconds 

bun\-off  Start _ 

_ Ui^ 

Comolote  1135 

RimRKS 

1,  Development  of  active  froth  b et,v<~»en  diesel  .'ind  m«d«  r.his  tnlxtyire 

oxtrotnolv  tUt'flcuIt.  Co  it'.ultc.  Hept^^no  tpnicoi:  sourco  was  moved  Co 

_  noi.froth  diosiU  artmi.  this  mlKtui'i  ir.nlt'fd. _ _ _ 

_ Dovplopfft-^nt:  of  intonst*  fire  orcnurrcti  cxf-tomelv  fa!;c.  _ _ _ 

3.  .  Purlnf.  pi-cbuyr  middle,  o I  p.-in  (2.3._pcrccn.O  wa.rptK>  f.p  hitih  nnd 

r-upyiorrcd  no  Lioviid  or  tlnmo. _ _ _ 


FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIG  VAPOR  CONTROL  FOAMS 


Test  #  K-26 _ 

Fuel  Tire/N^O^ _ 

Foam  MSA  ASE-60 _ 

3 

Nozzle  142  ft  /min _ 

? 

Pan  Size/Shape  50  ft  /  square 


Date  4/16/86 _  Weather 

Amount  20  gallons  N^O.  Temp  59^F 

—^4  W  8  mi/h 

W ind  gusts  to 
17  mi/h 


Expans  ion _ Hi^h _ 

3 

Configuration  118  ft  /min 
_  New _  Used 


24  ft^/min 
X _ 


Pour  S tart _ 1354 _  Corap le te _ 1401 

Fuel  Ignition _ 1402 _ 

Foam  Application  1404 _ 

Extinguishment _ 1407 _  Total  Extinguishment  Time2  minutes  30  seconds 

burn-off  Start  1420 _  Complete _ 1429 _ 

REMARKS 

1,  2  iiallons  of  heptane  poured  into  inner  tire  casing  for  ignition. _ 

2,  2  minute  preburn. _ _ _ _ _ 

3,  Total  fire  extinguishment  was  straight-forward. _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGQLIC  VAPOR  CONTROL  FOAMS 


Test  #  C“ 16 
Fuel  A- 50 


Date  4/17/86 
Amo un t  55  gallons 


Foam 


MSA  ASE-95 


High 


Weather 

Temp  62°F 

SW  rci/h 
Wind  gusts  to 
13  mi/h 


Nozzle  79  ft  /min 


Expansion _ 

3  3 

Configuration  24  ft  /min  4-  55  ft  /min 


Pour  Start 

1220 

Fuel  Ignition 

1231 

Foam  Application^ 

1232 

Extinguishment 

1^36  _ 

burn-off  Start 

1230 

Mew 


Used 


Comp let 


1229 


Total  Extinguishment  Tlroe3  minutes  30  seconds 
Complete _ 1317 _ 


REMARKS 

1 .  Fire  under  control  in  2  mituites.  totally  extinguished  in  3  minutes  30 

se  conds  ^ _ _ _ 

2.  1  minute  t>reburn> _ _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  C-16A _ _ 

Fuel  A- 50 _ 

Foam  MSA  ASE-95 _ 

3 

Nozzle  118  ft  /min _ 

2 

Pan  Size/Shaoe  50  ft  /  square 


Date  4/17/86 _  Weather 


Amount  55  gallons 


Expans  ion _ High 


Temp  57°F 

SE  7  mi/h 
Wind  gusts  to 
14  rai/h 


Configuration  Single _ 

_  New _  Used _ X 


Pour  Start _ 1050  Complete _ 1059 

Fuel  Ignition _ 1100 _ 

Foam  Application  1101 _ 

Extinguishment _ 1103 _  Total  Extinguishment  Time2  minutes  15  seconds 

burn-off  Start _ 1120 _ Complete _ 1155 


REMARKS 

1,  Fire  under  control  in  I  minute  30  seconds,  totally  extinguished  in  2 

minutes  15  seconds. _ 

2.  1  minute  preburn. _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 

Test  #  1-16 _  Date  4/23/86 _  Weather 

Fuel  Diesel  Fuel/N^O^  Amount  30  gallons  ea  Temp  62^F 

WindNE  7  mi/h 

Foam  MSA  ASE-6Q _  Expansion _ Hi^h _ 

3  3  3 

Nozzle  142  ft  /min _  Configuration  118  ft  /min  -f  24  ft  /min 

2 

Pan  Size/Shape  50  ft  /  square _  New _  Used  X _ 

Pour  StartOvernighnt  (Ih  hours)  Complete _ N/A _ 

Fuel  Ignition _ 0655 _ 

Foam  Application  0657 _ 

Extinguishment  0659 _  Total  Extinguishment  Time  2  minutes  h  seconds 

burn- off  Start _ 0710 _  Complete _ 0735 _ 

REhURKS 


ij _ 1  minute  nreburn. 


FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  L-26 _  Date  4/23/86 _  Weather 

Fuel  Tire/N^O^^ _  Amount  20  gallons  Temp  59°F 

Wind  NE  5  mi/h 

Foam  MSA  ASE-60 _  Expansion _ High _ 

Nozzle  142  ft^/min _  Configuration  118  ft?/min  -f  24  ft^/min 

2 

Pan  Slze/Shaoe  50  ft  /  square _  New _  Used  X _ 

Pour  StartOvernight  fl4  hours!  Complete _ N/A _ 

Fuel  Ignition _ 0638 _ _ 

Foam  Application _ 0640 _ 

Extinguishment _ 0641 _  Total  Extinguishment  Time  1  minute  10  seconds 

burn-off  Start _ N/A _  Complete _ N/A _ 

REMARKS 

1.  Tire  was  ignited  with  1/2  gallon  heptane  in  center  of  tire, _ 

2.  Good  initial  fire  but  not  lasting. _ _ _ 

3 ■  Fire  extlngutshment_.wAs_  fast .XI  .mlnute._I.0_secmd5j.  bu,t_N^g^.-V0P-Oi: - 

continued  to._percoi,ate_.s.tronRlY  _throuRh_foM>. - - - 

4.  Tire  was  severlv  pitted  and  deteiioratcd  where  it  was  in  contact  with 

- - - - - - - - _______ — - 

1. _ Tirj^./?J^9^,..ag?.-.P&ed.i4_h.(?.u,y.$,. _ _ _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  Q’26 _  Date  A/23/86 _  Weather 

Crib -8  std.  pallets 

Fuel  Wood  Crib/N^O^ _  AmountN^Q^ - 30  gallons  Temp  72^F 

Heptane “3  gallons  SW  17  mi/h 

W ind  gusts  to 
29  mi/h 


Foam _ MSA  ASE-GO _ 

Nozzle  Mini-X  1500  ft^/min 

0 


Expans  ion _ Low _ 

Configuration  Single -■elevated 


Pan  Size/Shape  50  ft"  /  square 


New 


Used 


Pour  Start 


1020 


Complete^ 


1026 


Fuel  Ignition  1029 


Foam  Application  1032  (Foam  reaches  pan) 


Extinguishment  1042 (control)  Total  Extinguishment  Time22  minutes  from  foam 

start 

burn-off  Start _ N/A _  Complete _ N/A _ 


RtmRKS 

1.  NFPA  11 -A  test  with  pen  and  crib  to  test  foam  against  class  A _ 

combustibles.  Pen  is  I2Q  foot  long  by  15  feet  wide  and  10  feet  high. 

No  constructed  bottom  or  ton  --  sides  are  2  x  A  Inch  frame  with  heavy 

plastic  lining.  Last  20  feet  of  non  Is  Ralvantzed  sides  and  bottom. _ 

Orlentatlot\  of  pon  Is  at  2A0  (foam  generator)  toward  060  (wood  cribs). 
Hinl-X  mounted  at  9-£oQt  level,  hock  of  pen.  Wood  crib  Is  composed  of  8 
standard  pallets  stacked  on  ton  of  3-foQt  bv  3-foot  by  12- Inch  doop  pan 

containing  heptane.  The  tu^ptan^  pan  Is  resting  on  concrete  masQivr^ _ 

blocks  in  the  center  of  a  50  ft  square  nan,  conteted  on  the 

20  -  loo  t^nej.i/jl_ot  _ 
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2>  The  foam  began  to  1020  at  which  time  30  gallons  of  were 

poured  into  the  50  ft^  pan  through  a  hole  in  the  pen  vail,  the  foam 
moved  fairly  veil  down  the  pen  but  was  broken  up  considerably  by  the 
wind  which  blew  a  lot  of  foam  out  of  the  pen.  When  the  front  end  of  the 
foam  was  judged  to  be  three  minutes  from  the  fire,  the  heptane  was  lit 

-(1Q29L _ 

3.  The  foam  reached  the  fire  at  1032.  The  heat  build-up  on  the  metal  vail 

surrounding  the  crib  tended  to  break  up  the  foam, _ 

At  1040.  the  burning  crib  collapsed  into  the  pan  of  enabling  the 

control  of  the  fire  at  1042.  Control  is  defined  as  no  visible  flame, 
although  fumes  were  very  prevalent, _ 

5.  The  foam  pro3uction  was  ceased  at  1050  and  the  wood  crib  reignited  at _ 

1105. _ 

6.  The  two  major  detrimental  factors  in  this  test  were  the  wind  and  the 
metal  enclosure  portion  at  the  end  of  the  pen.  The  wind,  in  addition  to 

breaking  the  foam,  reflected  from  the  metal  rear  wall  of  the  pen. _ 

inhibiting  foam  build-up  in  the  pan  area.  The  hot  metal  enclosure _ 

around  the  pan  contributed  heavily  to  foam  break-up  in  the  pan  area> 

Both  of  these  problems  could  have  been  alleviated  somewhat  if  the  metal 
portion  of  the  pen  had  been  constructed  with  hardware  screen. _ 


1 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  N-30 _ 

Fuel  Wood  Crib/Heptane 


Foam  MSA  ASE-60 


Date  4/24/86 _  Weather 

Crib-8  std.  Pallets 
AmountHeptane-3  gallons  Temp  74  F 

SW  15  mi/h 
Wind  gusts  to 
23  mi/h 


Expans  ion _ Hig;h 


Nozzle  Mini’X  1500  ft  /min 


Configuration  S ingle -  elevated 


Pan  Size/Shape, 


50  ft^ 


/  square 


New 


Used  X 


Pour  Start _ N/A _  Complete _ N/A _ 

Fuel  Ignition  1341 _ 

Foam  Application  1344  (foam  reaches  pan) 

Extinguishment  13A9 (control)  Total  Extinguishment  Timel7  minutes  from  foam 

start 


burn-off  Start  N/A 


C  omp  1  e  t  e _ N/A 


REMARKS 

1.  Foam  was  started  at  1332  and  moved  veil  down  the  pen. 

2^ _ Wind  was  only  a  minor  factor  in  this  test, _ 

3.  Crib  configuration  same  as  in  0-26  without  ^2^4* _ 

A.  Test  ran  well  with  control  achieved  in  17  minutes. 

5>  Foam  was  censed  at  1A02  and  crib  relgnlted  at  1412. 


152 


FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  # 

C-15A 

Date  4/26/86 

Weather 

Fuel  _ 

A-50 

Amount  55  callons  Temo  58^F 

Foam _ 

MSA  ASE-95 

Expansion 

NW  15  115,31 
Wind  gusts  to 
37  mi, /It 

Low 

Nozzle. 

6  Eal/min 

Configuration 

Single 

2 

Pan  Size/Shape  50  ft  /  square _  New _  Uaed _ X 


Pour  Start 

1004 

Complete  1013 

Fuel  Ignition 

1015 

Foam  Application _ 

1016 

Extinguishment _ 

1020 

Total  Extineuishment  Time3  minutes  30  seconds 

bum-off  Start _ 

1030 

Complete  1055 

REMARKS 

1.  Ftre  was  controlled  in  25  seconds  and  98  percent  extinguished  in  1 _ 

minute  30  seconds. _ _ _ 

2.  Freouent  and  lasting;  p-usts  of  over  35  mi /h  prevented  foam  from  reaching 

the  back  corners  of  the  pan  in  sufficient  quantity  to  set  up  and _ 

extinguish. _ 

3.  Foam  was  continued  for  a  full  5  minutes. _ _ _ _ _ 

4.  Tliere  were  no  raienitions  during  the  wand  test  and  the  chimney  test _ 

self-extinpuishment  was  6  seconds. _ 

5 - Thla  test  was  sampled. _ 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  t  C-15B 


Date  4/26/86 


Weather 


Fuel  _ A-5Q 


Fo am  MSA  ASE-95 


Amount  55  gallons  Temp  58  F 

NE  20  mi/h 
Wind  gusts  to 
30  mi/h 

Expans  ion _ Low _ 


Nozzle  9  gal/min 


Configuration  6  gal/min  +3  ^al/min 


Pan  Size/Shape  50  ft 


Used _ X 


Pour  Start 


Complete _ 1203 


Fuel  Ignition _ 

Foam  Application^ 


Extinguishment, 


Total  Extinguishment  Time  1  minute  8  seconds 


burn-off  Start 


Complete  ,  1230 


REMARKS 


1.  Fire  was  controlled  in  25  seconds , 


Some  stronR  wind Rusts  durinR  the  test  but  Renerallv  winds  were 


3  >  Foam  was  continued  for  a  fxxll  5  minutes 


self -ox tinRui shed  in  less  than  2  seconds* 


Test  was  sample 


FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  # 

C'15 

Date  4/2.8/86  Weather 

Fuel 

A-50 

Amount  45  cal Ions 

Temo  68^F 

Wind  NW  3  mi/h 

Foam _ 

MSA  ASE-95 

Expansion  Low 

Nozzle, 

5  zal/rain 

Confieuration  3  cal /min 

+  2  pal /min 

2 

Pan  Size /Shape  50  ft  /  square _  New _  Used _ X. 


Pour  Start 

1009 

Complete  1016 

Fuel  Ignition 

1018 

Foam  Application^, 

1019 

Extinguishment _ 

1023 

Total  Extinguishment  Tlme3  minutes  55  seconds 

burn- off  Start _ 

1040 

Complete  1105 

REMARKS 

1.  Fire  under  control  after  1  minute  57  seconds.  _ _ 

2.  During  1  minute  probvirn  and  prior  to  foam  start  pan  bowed  badl.v  in _ 

middle  --  about  20  percent  of  pan  surface  raised  above  the  level  of  the 
fuel.  This  caused  the  foam  to  bum  and  coagulate  around  the  pan  centey. 

preventlnR  it.  from  mlEratlnR  to  the  forward  cornex's  for  timely _ 

extlnp-uishmont .  _ _ _ _ _ _ 

3.  Fonm  application  rate  performed  better  than  extlnp-ulshment  t-iine  would 

Indicate  ■  Foam  continued  for  5  tniwites, _ 

4.  There  were  no  reip.nitlons  durinp.  the  wand  test  and  chimney  test  self- 

.  eKt.inf,v».lgJb.inent_was  10  seconds.. _ 
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5 


During  the  first  attempt  at  this  test  earlier  in  the  day,  the  A-50 _ 

spontaneously  ignited  after  about  10  gallons  were  poured  into  the  pan. 
Extremely  fast  action  on  the  part  of  the  spill  team  prevented  the  flame 

from  travelling  into  the  drum  with  potentially  tragic  results.  Gene _ 

Polite  and  Steve  Stauffer  of  MSAR  turned  off  the  fuel  flow  and  pulled 

the  drum  away  from  the  intense  fire  in  the  pan  while  Jimmy  Watson  of _ 

NMERI .  manning  the  high  pressure  hose,  kept  a  steady  stream  of  water 
between  the  drum  and  pan  to  prevent  flame  travel.  While  A-50  produces 
more  flame  than  AH  or  MMH,  the  initial  flame  is  not  overly  visible.  The 
first  signs  of  a  spontaneous  ignition  are  the  noise  and  the  immediate 
disappearance  of  the  vapors  directly  above  the  fuel  pool.  Once  the  A“5Q 
drum  was  removed  from  the  pan  area,  the  A-50  in  the  pan  was  allowed  to 

burn-off.  We  can  only  speculate  as  to  the  cause  of  the  spontaneous _ 

ignition.  Most  likely  it  was  the  high  temperature  of  the  pan  from  3 

hours  of  direct  sun  or  rust  in  the  pan  or  a  combination  of  these. _ 

The  particular  A-50  was  an  off-spec  material:  however,  it's _ 

characteristics  were  close  to  spec  A- 50^  and  4  other  drums  from  the  same 

production  batch  were  poured  and  ignited  with  no  problems.  For  the _ 

remaining  two  A-50  burns,  the  pans  were  washed  thoroughly  immediately 
before  the  pours  and  during  the  pours  a  stream  of  water  was  run  under 

and  around  the  pan  for  cooling. _ 

6,  Test  was  sampled. _ _ 
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Test  # 


Weather 


C-16B _  Date  4/28/86 

Fuel  A“50 _  Amount  55  gallons  Temp  7A^F 

Wind  SE  3  mi/h 


Foam  MSA  ASE-95 

Expansion  Hich 

3 

Nozzle  173  ft  /min 

3  3 

Configuration  118  ft  /min  +  55  ft  /min 

2 

Pan  Size/Shaoe  50  ft  /  square _  New _  Used  X 


Pour  Start 

1138 

Comolete  1147 

Fuel  Ignition 

1148 

Foam  Application^ 

1I49_  _ 

Extinguishment _ 

1150 

Total  Extineuishment  Time  1  minute 

burn-off  Start 

1205 

Comolete  1230 

REMARKS 

I  After,  ft. A._minv»tc;.  pxfibMrn.  tbe,  flta  was  cotitrolUd  in .20  sgco.n«;>g  ..and 

compIetelY  extlnfAilsb^ed  in  .1  mln.uCA> _ _ 

2.  VerY  .strai^\t  forvfttd  test> - - - - 

.3 .T.PPt-Wftg  .samplotl. _ _  - - - - - - ... - 
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FIRE  SUPPREvSSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAhlS 


Test  # _ 0-27 _  Date  4/29/86 _  Weather 

Crib-8  std,  pallets 

Fuel  Wood  Crlb/N^Q, _  AmountN^O,  - 30  g:allons  Temp _ _ 

2  ip.iA 


Wind  Rusts  i 
?3  mi/h 

Foam  MSA  ASE- 60 _ Expansion _ High _ 

Nozzle  Mini-X  1500  ft'^/min  Configuration  Single-elevated _ 

2 

Pan  Size /Shape  50  ft  /  square _  New _  Used _ _ 

Pour  StartOvernl^ht  (14  l.jurs)  Complete _ N/A _ 

Fue .  Ignition  X  16  minutes  (1103) 

Foam  Application  X  foam  $t;ai;t  (1047) 

Extiai;.aishineut _ none _  Total  Extinguishment  Time _ N/A _ 

burn- off  Start _ NAN _  Complete _ N/A _ 


RimRKS 


r.. 

Pan  test  with  wood  crib  soaked  overnip,ht  in  N,j0j  . 

2. 

Foam  start  d  n\  1047  and  moved  well  to  the  80- foot  noint  In  6  mlimtes. 

3.  Ic  cook  <uu)Chor  !*>  ininucojs  co  reach  Che  lOO-fooc  point  (above  3  feet 

(i , 

At  1115  the  foam  maKcr  was  moved  to  the  midpoint  of  the  non  on  the  east 

_ Sitbi. 

(■>. 

The  leadinit  edr.e  of  the  foam  moved  a  littU  .  fvirthoi*  but  ^  nlv^  small. _ 

natchos  renchen  the  fire  with  no  effect. 

-L 

.  Th.e  foam  ran  out  at.  1123  (38  minute*-!  with  no.  extiniAilshment. _ Wood _ 

...__ca:ib/N.^0^  w?»r.  for  14  hours.  _ _ _  _ _  .  . . 
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FIRE  SUPPRESSION  TESTING  OF  HYPERGOLIC  VAPOR  CONTROL  FOAMS 


Test  #  A’18 _ 

Fuel  A’50/N.0. 


Date  4/30/86 _  Weather 

N*0.“30  gallons 

Amount  A-5Q  -sprav  Temp _ 73  F 

Wind  SW  6  rtii/h 


Foam  MSA  ASE-60 _ 

Nozzle  55  ft^/min _ 

Pan  Size/Shape  50  ft^  / 


Pour  Start _ N/A 

Fuel  Ignition _ N/A 

Foam  Application  N/A 

Ex  t  i  agui  shmen  t _ N/A 

burn-off  Start _ N/A 


.  _  Expans  ion _ High _ 

_  Configuration  Single _ 

square _  New _ Used _ i 

_  Complete _ N/A _ 


Total  Extinguisliment  Time _ N/A 

Complete _ N/A _ 


REMARKS 


6  feet  above  the  pan  of  a  spray  nozzle  was  suspended  ano  attached 

via  1/4  inch  stainless  to  o  gallon  pressurized  container  of  A-SO  10 _ 


feet  from  the  pan,  A  solenoid  was  placed  in  this  line  adjacent  to  the 


A-50  container  and  connected  to  a  solenoid  power  box  80  feet  away>  50 
feet  further  avav  was  the  generator  powering  the  solenoid  power  box. 

The  solenoid  control  box  was  200  feet  further  from  the  power  box  at  the 


trailer,  thus  the  closest  personnel  during  this  tes t  were  approximately 
280  feet  distant.  Because  of  problems  encountered  with  equipment  and 


apparatus  during  preparation,  the  ^2^4  foamed  four  times  in  the  hour 
" release,  the  last  time  being  3  minutes  before  the _ 


first  A~50  stream  (spray  discarded  due  to  plugged  nozzle).  The  first 
release  of  the  A- 50  produced  immediate,  violent  Ignition  of  the  A- 50 
stream  a  stream  dropping  into  the  N  0^  pan  of  the  approximate  size 
and  velocity  of  a  water  pistol.  A  violent  orange-white  flame  1  foot  in 

diameter  and  5  feet  high  was  produced.  After  20  seconds,  the  A’ 50 _ 

stream  was  stopped  and  the  fire  immediately  ceased.  10  seconds  later, _ 

the  stream  was  a^ain  activated  with  the  same  results.  The  procedure  was 

then  repeated  several  times  with  identical  results.  Ignition  and _ 

combustion  sounds  were  very  loud-similar  to  those  produced  by  a  rocket 


engine . 


Because  of  the  violence  of  this  reaction  and  the  set-up  difficulty,  it 
was  determined  not  to  proceed  with  test  A-21  drip  into  A-5Q  pan). 

This  decision  was  based  on  safety  factors  and  the  violence  of  the  hvper- 

giolic  reaction  as  evidenced  in  this  test.  If  the  foam  had  any _ 

suppressive  effect  on  the  ignition  and  combustion  resulting  from  this 
test,  it  appeared  to  be  a  minimal  effect  at  best« _ 
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PROPOSED  MILITARY  SPECIFICATION 


This  is  a  self-contained  dc^ument  with  its  own  internal  consistent 
style  and  numbering  system. 
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MILITARY  SPECIFICATION 


VAPOR  SUPPRESSING  -  FIRE  EXTINGUISHING 
AGENT,  FOAM  CONCENTRATES  FOR 
USE  ON  HYPERGOLIC  PROPELLANTS 


This  specification  is  approved  for  use  within  the 
Department  of  the  Air  Force  and  is  available  for  use  by  all 
Department  and  Agencies  of  the  Department  of  Defense. 


Beneficial  comments  (recommendations,  additions,  deletions) 
and  any  pertinent  data  which  may  be  of  use  in  improving  this 
document  should  be  addressed  to:  Headquarters  Air  Force 
Engineering  and  Services  Center  (HQ  AFESC/RDCF),  Tyndall  Air 
Force  Base,  FL  32403-6001  by  using  the  self-addressed 
Standard 5  ?.ation  Document  Improvement  Proposal  (DD  Form  1  426) 
appearing  at  the  end  of  this  document  or  by  letter. 


AMSC  NO.  N/A  FSC  6850 

DISTRIBUTION  STATEMENT  A.  Approved  for  public  release; 
distribution  is  unlimited. 
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PROPOSED  MILITARY  SPECIFICATION 

VAPOR  SUPPRESSING-FIRE  EXTINGUISHING  AGENT,  FOAM  CONCENTRATES 
FOR  USE  ON  HYPERGOLIC  PROPELLANTS 

1 ,  SCOPE 

1.1  Scope.  This  specification  covers  the  requirements 
for  gel  forming  foam  liquid  combination  vapor  suppression  and 
fire  extinguishing  agents.  The  agents  consist  of  appropriate 
acrylic  gelling  agents  and  alpha  olefin  sulfonate  surfactants 
to  conform  to  this  specification.  The  surfactants  and 
gelling  agents  are  to  be  supplied  as  separate  entities  to  be 
proportioned  into  water  hose  streams  in  a  ratio  of  1  part 
gelling  agent,  1  part  surfactant  and  8  parts  water  by 
dispensing  equipment  at  the  time  of  application  to  liquid 
propellant  spills. 

1.2  Classification.  Concentrates  shall  be  of  the 
following  types: 

Type  FI  -  gelling  agent  for  use  on  spills  of 

hydrazine  fuels  or  hypergolic  mixture 
of  hydrazine  fuel  and  dinit rogen 
totroxide  oxidant 

Typo  F2  -  foam  forming  surfactant  for  use  on  spills 
of  hydrazine  fuels  or  hypergolic  mixtures 
of  hydrazine  fuel  and  dinitrojen 
tetroxide  oxidant 
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Type  01  -  gelling  agent  for  use  on  spills  of 
dinitrogen  tetroxide  oxidant 
Type  02  -  foam  forming  surfactant  for  use  on  spills 
of  dinitrogen  tetroxide  oxidant 
2.  APPLICABLE  DOCUMENTS 

2.1  Issues  of  documents.  The  following  documents,  of 
the  issue  in  effect  on  date  of  invitation  for  bids  or  request 
for  proposal,  form  a  part  of  this  specification  to  the  extent 
specified  herein. 

SPECIFICATIONS 

FEDERAL 

TT-E-4C9  Enamel,  Alkyd,  Gloss  (for  Exterior 

and  Interior  Surfaces) 

PPP-C“1337  Containers-  Metal,  with  Polyethylene 

Inserts 

vVF-600  Fuel  oil,  Diesel 

MILITARY 

MIL-P-2560  Propellant,  Hydrazine-unsymmetrical 

diroethyihydrazine  (50%  N2H4  -  50% 
UDMM ) 

MIL-P-26539  Propellant,  nitrogen  tetroxide 

STANDAI^DS 

FEDERAL 


FED-STD-595 


Colors 
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FED-STD-31 3  Material  safety  data  sheet, 
preparation  and  submission 

MILITARY 

MIL  STD  105  Sampling  Procedures  and  Tables  for 
Inspection  by  Attributes 
MIL  STD  129  Marking  for  Shipment  and  Storage 
MIL  STD  130  Identification  Marking  of  US 
Military  Property 

2.2  Other  publications.  The  following  documents  form  a 
part  oi  this  specification  to  the  extent  specified  herein. 
Unless  otherwise  specified,  the  issues  of  the  documents  which 
are  DOD  adopted  shall  be  those  listed  in  the  issue  of  the 
Department  of  Defense  Index  of  Specifications  and  Standards 
(DODISS)  specified  in  the  solicitations.  Unless  otherwise 
specified  the  issues  of  documents  not  listed  in  the  DODISS 
shall  bo  the  issue  of  the  nongovernment  documents  which  is 
current  on  the  date  of  the  solicitation. 

UNDt;RV^/R  ITEKU  LABORATORIES ,  INC .  (  U .  L  .  ) 

UL  162  Standard  for  Foam  Equipment  and  Liquid 
Concentrates 

(Application  for  copies  should  be  addressed  to  the 
Underwriters  Laboratories,  Inc.,  333  Pfingston  Road, 
Northbrook,  IL  60062). 
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NATIONAL  FIRE  PROTECTION  ASSOCIATION  {NFPA) 

NFPA  412  Standard  for  Evaluating  Foam  Fire 

Fighting  Equipment  on  Aircraft  Rescue 
and  Fire  Fighting  Vehicles 
(Application  for  copies  should  be  addressed  to  the 
National  Fire  Protection  Association,  Batterymarch  Park, 
Quincy,  MA  02269). 

AMERICAN  SOCIETY  FOR  TESTING  AND  MATERIALS  (ASTM) 

D96  Test  Method  for  Water  and  Sediment  in 

Crude  Oils 

D1 068  Test  Methods  for  Iron  in  Water 

D1218  Refractive  Index  and  Refractive 

Dispersion  of  Hydrocarbon  Liquids,  Test 
for 

D3673  Chemical  Analysis  of  Alpha  Olefin 
Sulfonates 

D3716  Emulsion  Polymers  For  Use  in  Floor 
Polishes 

E70  pH  of  Aqueous  Solutions  With  The  Glass 

Electrode 

E527  Numbering  Metals  and  Alloys  (UNS) 

E729  Standard  Practice  for  Conducting  Acute 

Toxicity  Tests  with  Fish, 
Macroinv'ortebrates  and  Amphibians 
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(Application  for  copies  should  be  addressed  to  the 
American  Society  for  Testing  and  Materials,  1916  Race  Street, 
Philadelphia,  PA  19103.) 

AMERICAN  PUBLIC  HEALTH  ASSOCIATION  (APHA) 

Standard  Methods  for  the  Examination  of  Water  and  Waste 
Water . 

(Application  for  copies  should  be  addressed  to  the 
American  Public  Health  Association,  1015  -  18th  Street,  N.W., 
V-Jashington,  DC  20036.) 

(Nongovernment  standards  and  other  publications  are 
normally  available  from  the  organizations  which  prepare  or 
which  distribute  the  documents.  These  documents  also  may  be 
available  in  or  througii  lib.  Trios  or  othe»'  informational 
services). 

2.3  Ord  *r  of  Pr'.'codence .  }n  the  evr  ‘  of  a  conflict 
between  the  text  of  this  spec i f ica t ion  and  tlu'  references 
cit.-d  iierein,  ttui  tf'.t  Df  this  specification  stuall  take 
precedence.  Noticing  in  this  specification,  however,  sluiH 
supersede  applicable  lie-s  and  regulations  unless  a  Specific 
exemption  has  been  obtained. 

3.  REQUIREMENTS 

3.0  Intended  use.  The  foam  concentrates  defined  in 
this  specification  a 'e  intended  for  use  in  controlling  the 
vapor  hazard  from  spills  of  fu'porgolic  propellants,  hydrazine 
and  nitrogen  tecroxide.  T!ie  foams  also  -ancillary 
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application  lor  use  as  a  fire  extinguishing  agent  on  fires 
fueled  by  hydrazine,  or  its  methyl  derivatives,  alone  or  on 
Class  A  or  B  hydrocarbori  fuel  fires  in  which  combustion  is 
supported  by  nitrogen  tetroxide.  They  are  not  effective  in 
extinguishing  fires  involving  hypergolic  mixtures  of 
hyurazines  and  nitrogen  tetroxide  but  their  use  is 
recommended  to  control  the  release  of  toxic  vapors  and  to 
mitigate  combustion  during  those  fires. 

3.1  Qualification.  Liquid  concentrate  fire 
extinguishing  agent  components  furnished  under  this 
specification  shall  be  products  which  are  qualified  for 
listing  on  the  applicable  Qualified  Products  List  at  the  time 
set  for  opening  of  bids  (see  4.3  and  6.3). 

3.2  Materials ♦  Concentrates  shall  consist  of  tour 
materials,  supplied  in  separate  containers.  The  foain 
materials  are;  An  acid-containing,  acrylic  emulsion 
copolymer  for  the  fuel  (Type  FI),  a  surfactant  for  the  fuel 
(Type  F2),  an  acid-containing,  crossliul<ed  acrylic  emulsion 
copolymer  for  the  oxidizer  (Type  01),  and  a  surfactant  for 
the  oxidizer  (Type  02)  and  other  components  as  required  to 
conform  to  performance  requirements  of  this  specification. 
Each  component  and  the  mixtures  of  individual  components 
shall  conform  to  the  requirements  specified.  The  materials 
shall  have  no  adverse  effects  on  the  health  of  personnel  when 
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used  as  intended  or  handled  as  specified  by  Air  Force 
directives. 

3.3  Concentrate  characteristics.  Concentrates,  or 
solutions  made  from  these  concentrates,  shaxl  conform  to  the 
chemical  and  physical  requirements  shown  in  Table  I  and  Table 
II . 

3.3.1  Stabi 1 ity .  The  concentrates  (Types  FI,  F2,  01 
and  02)  shall  conform  to  the  following  requirements  after  10 
days  storage  at  65°C  +  2.0°C  (see  -1 . 7 .  1  1  )  : 

a.  Stratification:  No  visible  evidence  following 
test  ( see  4.7.15). 

b.  Precipitation:  Less  than  0.05  percent  by 
volume,  (see  4.7.16). 

3.3.2  Compati h ility  of  concentrates .  T )i e  concentrates 
ol  one  manufacturer  shall  be  compatible  in  all  proportions 
with  the  corresponding  concentrati's  furnishc^d  by  other 
manufacturers  listed  on  the  qualified  products  list. 
Information  regarding  these  materials  may  bo  obtained  from 
the  Air  Force  Engineering  and  Service  Center,  Tyndall  Air 
Force  Base,  FL,  32403-6001.  The  concentrate  mixtures  shall 
conform  to  the  following  requirements  after  10  days  storage 
of  the  concentrates  at  55°C  ±  2.0°C  (see  4.7.11): 

a.  Stratification:  No  visible  evidence  following 
test  (see  4.7.15) 
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b.  Precipitation:  Less  than  0.05  percent  by 
volume,  (see  4.7.16) 

3.4  Foam  mixture  solutions  characteristics.  Mixtures 
of  the  two  components  for  each  of  the  two  types  of  foams 
(Type  F  and  Type  O)  shall  conform  to  the  chemical  and 
physical  requirements  shown  in  Table  II: 

3.4.1  Stability.  The  10-10-80  premix  solution 
consisting  of  10  parts  each  of  Type  FI  and  F2  concentrates 
and  80  parts  of  fresh  water,  or  Type  01  and  02  concentrates 
and  80  parts  of  fresh  water,  as  applicable,  shall  conform  to 
the  following  requirements  after  10  days  storage  of  the 
concentrates  at  65°C  +  2.0°C  (see  4.7.11): 

a.  Foamability:  (See  Table  II). 

b.  Fire  performance:  50  ft^  fire  as  specified  in 

3.5. 

c.  Vapor  suppression:  (See  Table  II). 

3.4.2  Compatibility  of  foam  mixture  solution.  The 
concentrates  of  one  manufacturer  shall  be  compatible  in  all 
proportions  with  concentrate  furnished  by  other  manufacturers 
listed  on  the  qualified  products  list.  Information  regarding 
these  materials  may  be  obtained  from  the  Air  Force 
Engineering  and  Services  Center,  Tyndall  Air  Force  Base,  FL 
32403-6001  .  The  solutions  s'.iall  conform  to  the  following 
requirements  after  10  days  storage  of  the  concentrates  at 
65°C  +  2.0"C  (see  4.7.11): 
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a.  Foamability:  (see  Table  II). 

b.  Fire  performance  50  ft^  fire  as  specified  in 

3.5. 

c.  Vapor  suppression:  (see  Table  II). 

(3.3.2  applies  to  "concentrates"  while  3.4.2  applies  to 
"mixture  solutions".) 

3.5  Fire  performance.  The  foam  shall  conform  to  the 
fire  performance  requirements  shown  in  Table  III. 

3 . 6  Marking. 

3.6.1  Identification  marking  shall  be  in  accordance 
with  MIL-STD-130.  In  addition,  the  marking  on  the  containers 
(see  5.3)  shall  be  in  white  characters  against  an  orange 
background  for  Types  01  and  02,  a  red  background  for  Types  FI 
and  F2. 

3.6.2  Two  identical  markings  conforming  to  figures  1, 

2,  3,  and  4  shall  be  applied  to  containers,  as  appropriate, 
so  that  the  markings  are  located  diametrically  opposite.  The 
markings  shall  be  applied  on  the  containers  in  such  a  manner 
that  water  immersion  contact  with  the  contents  of  the 
containers,  or  normal  handling  will  not  impair  the  legibility 
of  the  marking.  Paper  labels  shall  not  be  used, 

3.7  Material  safety  data  sheet. 

3.7.1  The  contracting  activity  shall  be  provided  a 
material  safety  data  sheet  (MSDS)  at  the  time  of  contract 
award.  The  MSDS  is  form  OSHA-20,  found  in  and  part  of  FED 
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TABtC  Physical 

and  chemical 

requirements  toi  concentrates  or  solutions. 

Requirement 

Values 

Applicable 

Test 

Type  n 

Type  F2 

Type  01 

Type  02 

publication 

paraqraph 

Fuel 

acrylate 

Fuel 

surfactant 

Oxidizer 

acrylate 

Oxidizer 

acrylate 

Refractive 
index , 
minimum 
maximum 

1.3900  - 
1 .4100 

1.3800  - 
1.4200 

ASTM  1218 

4.7.1 

Brookfield 
viscosity  of 
concentrate 
centipoise 
minimum  at  25^C 

1640 

2780 

ASTM  3716 

4. 7, 2.1 

Brookfield 
viscosity  of  1  % 
neutralized 
solution 

centipoise  range 

minimum 

maximum 

4500  ~ 

6000 

3000  - 
5000 

. 

4. 7.2.1  .1 

Hydrooan  ion 
concentration: 

(pH)  10%  solution 

2. 1-4,0 

8.7  -  9.3 

2.1  -  4.0 

8.7  -  9.3 

ASTM  E70 

4.7.3 

Density,  g/cc 

02S%c 

1  .020  - 
1  .070 

- 

1 ,020 

1 .070 

- 

4,7.4 

Corrosion  rate: 
General,  (mpy) 
Localized,  pits 

1  .0 

none 

1.0 

none 

1  .0 

none 

1  .0 

none 

ASTM  E527 

4.7,5 

%  solids 
minimum 
maximum 

19.5 

20.5 

- 

27.5 

28.5 

- 

4,7.0 

Fraction 
gel  led  (gms/ 1 ) 

0.2 

0.1 

4.7,7 

Iron  content 
(ppm)  max 

5 

10 

5 

10 

ASTM  1068 

4.7.8 

HnvironK’ental 

impact 

COD,  mg/L,  max 
min 

1 ,000,000 
0.75 

1  ,000,000 
0.75 

APHA 

Standard 

Methods 

4.7.10.2 

4.7.10.3 

Aquatic 

Toxicity  LD50 
for  rainbow 
trout  (ppm  me::) 

1400 

8 

450 

6 

ASTM  E729 

4.7.10.1 

Inorganic  Sulfates 
maximum 

1.6 

1  ,6 

ASTM  D3673 

4, .7.9 
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Table  II.  Performance  Requirements  for  Propellant  Foams  -  Quality  Control  Laboratory  Tests 


Foam  System  Evaluated 


Requirement 


Types  FI  +  F2  over  NH4OH 


Expansion  ratio 
minimum 
maximum 

25%  drainage  time 
minimum 

Collapse  %  in  24  hours 
max imum 

50%  col  lapse  time, 
minutes,  minimum 


4.0 

5.0 


24  hours 

1  5 


Types  01  +  02  over  HNO3 


2.5 

3.5 


1  0  minutes 


50 


1.  Substitute  propellant  substrates  are  undiluted,  reagent  grade  ammonium  hydroxide  and 
nitric  acid  over  which  foams  are  applied  as  specified  in  4, 7. 1,4. 
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Table  III.  Fire  pcrtormonco. 


Myi>orqol  ic  fuel  foams 


Typo  F 

1  <JW 

Type  F 
h  i  qh 

Type  0 
high 

Test 

ex pans  ion 

t'xpansion 

expansion 

paragraphs 

SO  ft2  fire  tsec  4.7.13) 

Foam  application  time  to 
extinguish,  seconds ,  max 

240 

7S 

4.7.14.1.5 

4.7.1 4.2.5 

BurnbacK  time  of  rosultinq 
foam  cover,  minutes,  min 

S 

N/A 

N/A 

4.7.14.3.5 

4.7.14.1.6 

4.7.14.2.6 

Vapor  securing  ability, 
post-fire,  concentration. 

1  ppm 

1  ppm 

1 00  ppm 

4.7.14.3.6 

4.?,  1  4.  1  .7 

4.7.14.2.7 

ppm  maximum 

N2'U 

N2»4 

NOx 

4.7.14,3,7 

Foamabi 1 i ty : 

Foam  expansion, 

6 

200 

200 

4.7.14.4 

mini mum 

Foam  25^  drainage 

1  2 

4 

4 . 7  .  M.  4 

time,  minutes , 
mini mum 

Wand  Test 

Pass 

P.ISS 

Pass 

4  .  7  .  i  4  .  1  .  6 

4 . 7  .  M  .  .7 . 6 
4.7. 14.3.6 
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STD  313.  The  MSDS  shall  be  included  with  each  shipment  of 
the  materials  covered  by  this  specif ication. 

4.  QUALITY  ASSURANCE  PROVISIONS 

4.1  Responsibility  for  inspection.  Unless  otherwise 
specified  in  the  contract,  the  contractor  is  responsible  for 
the  performance  of  all  inspection  requirements  as  specified 
herein.  Except  as  otherwise  specified  in  the  contract,  the 
contractor  may  use  his  own  or  any  other  facilities  suitable 
for  the  pertormance  of  the  inspection  requirements  specified 
herein,  unless  disapproved  by  the  Government.  The  Government 
reserves  the  right  to  perform  any  of  the  inspections  set 
forth  in  the  specification  where  such  inspections  are  deemed 
necessary  to  assure  supplies  and  services  conform  to 
prescribed  requirements. 

4.2  Classification  of  inspections.  The  inspection 
requirements  specified  herein  are  classified  as  follows: 

a.  Qualification  inspection  (see  4.3). 

b.  Quality  conformance  inspection  (see  4.5). 

1.  Examination  of  filled  containers. 

2.  Quality  conformance  inspection. 

4.3  Qualification  inspection.  Qualification  inspection 
shall  be  conducted  at  a  laboratory  satisfactory  to  the  Air 
Force  Engineering  Services  Center,  Tyndall  Air  Force  Base. 
Qualification  inspection  shall  consist  of  the  tests  shown  in 
Table  IV. 
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4.3.1  Samples  for  qualification  inspection.  One  55 
gallon  drum  of  each  component  is  required  for  the 
qualification  inspection. 

4 . 4  Sampling  for  quality  conformance  inspection. 

4.4.1  Inspection  lot.  A  lot  shall  consist  of  each 
component  manufactured  as  one  batch  and  transferred  from  one 
mixing  tank  to  the  shipping  container, 

4.4.2  Sampling  for  examination  of  filled  containers.  A 
random  sample  of  filled  containers  shall  be  inspected  from 
each  lot  in  accordance  with  MIL-STD-IOS  at  inspection  level 
I.  The  acceptable  quality  level  (AQL)  of  2.5  percent 
defective  shall  be  used  to  verify  compliance  with  all 
requirements  regarding  fill,  closure,  marking,  and  other 
requirements  not  requiring  tests  (see  4.6,  5. 1.1.1,  and 

5.1 .1 .2) . 

4.4.3  Sampling  for  quality  conformance  inspection. 

Three  filled  55-gallon  containers  of  each  concentrate  shall 
be  selected  at  random  from  each  lot  and  used  as  one  composite 
sample  for  the  tests  specified  in  4.6.  For  purposes  of  the 
tests  required  by  4.5  one  of  the  55-gallon  containers 
selected  at  random  may  be  used  or  a  55  gallon  sample  of  the 
product  shall  be  withdrawn  from  an  agitated  mixing  tank  prior 
to  packaging.  The  results  of  the  tests  required  by  4.5  shall 
be  submitted  to  the  Air  Force  Systems  Command,  Space  Division 
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(CFPE),  Los  Angeles,  CA,  90009-2960  or  the  designated 
1 aboratory . 

4.5  Quality  conformance  inspection.  The  samples 
selected  in  accordance  with  4.4.3  shall  be  subjected  to  the 
quality  conformance  inspection  of  table  IV.  If  the  sample 
tested  is  found  to  be  not  in  conformance  with  any  of  the 
quality  conformance  tests,  the  lot  represented  by  the  sample 
shall  bo  rejected. 

4.5.1  Quality  conformance  inspection  report.  The 
contractor  shall  prepare  test  reports  in  accordance  with  the 
data  ordering  document  included  in  the  contract  (see  6.2.2). 

4.6  Examination  of  filled  containers.  Each  sample 
tilled  container  shall  be  examined  for  defects  of 
construction  of  tire  container,  and  the  closure,  tor  evidence 
oi  leakage,  and  for  unsatisfactory  markings.  Eac)i  filled 
container  stuill  also  bo  weighed  to  determine  the  amount  of 
contents.  Any  container  in  t)ie  sample  having  one  or  more 
delects  or  loss  tlian  required  fill,  shall  not  be  offered  for 
delivery,  <ind  if  the  number  of  defective  containers  in  any 
sample  exceeds  the  acceptance  number  for  the  appropriate 
sampling  plan  of  M1L-STL)-1 05 ,  this  shall  be  cause  tor- 
rejection  of  the  lot  represented  by  the  sample. 

4.7  Test  procedures. 

Note;  Temperatures  are  recorded  to  the  nearest  degree, 
pH  to  the  nearest  0.1  unit,  density  to  the  nearest  0.001 
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Table  IV.  Qualification  and  < 

quality  conformance 

inspections 

; . 

Examination  or  Test 

Reference  paragraph  Qualif ication 

Quality 

Requirement 

Test 

Conformance 

Refractive  index 

3.3 

4.7.1 

X 

X 

Viscosi cy 

3.3 

4.7,2 

X 

X 

pH  value 

3.3 

4,7.3 

X 

X 

General  Corrosion 

3.3 

4. 7. 5,1 

X 

Localized  corrosion 

3.3 

4. 7. 5. 2 

X 

Density 

3.3 

4.7,4 

X 

X 

Percent  sol  ids 

3.3 

4.7.6 

X 

X 

Fraction  gelled 

3.3 

4.7,7 

X 

X 

Inorganic  sulfates 

3.3 

4.7.9 

X 

X 

Iron  content 

3.3 

4.7.8 

X 

X 

Foamabi 1 ity 

3.4 

4,7.13 

X 

X 

Performance  with 

simulated  propellant: 

i  3.4 

4,7.17 

X 

X 

Envi ronmenta 1  impact 

3.3 

4,7.10 

X 

50  £t^  fire  test 

3.5 

4.7.14 

X 

Examination  of  tilled 

containers 

4,t 

4.6 

X 

Stabi 1 ity 

3.3.1  i 

3,4.2 

4.7.11 

X 

Compatibi 1 ity 

3.3.2  A 

3.4.2 

4.7.12 

X 

St  rat  if icat ion 

3.3,1  & 

3.4.1 

4.7.15 

X 

Precipital ion 

3,3.2  A 

3,4,2 

4.7,U 

X 
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g/cc,  viscosity  to  the  nearest  0.01  co  and  refractive  index 
to  the  nearest  0.0001  unit. 

4.7.1  Refractive  index.  Measure  the  refractive  index 
at  a  temperature  of  20°C  in  accordance  with  ASTM  1218. 

Record  refractive  index  and  temperature. 

4.7.2  Viscosity. 

4. 7. 2.1  Viscosity  of  acrylate  Emulsions  and  Surfactants 
The  viscosity  shall  be  determined  at  a  temperature  of  25°C  + 
0.2°C  in  accordance  with  ASTM  D3716.  Viscosity  measuromei^ts 
of  surfactants  are  determined  on  conceiitratcd  samples  which 
have  been  tlioroughly  agitated  assuring  a  uniform  mixture 
before  Sami')!  ing  and  after  temperature  equilibration.  T!u' 
viscosity  of  acrylates  is  measured  on  a  neut  I'ti  1  i'/ed  1% 
copolymer  solution  after  treafiny  the  original  sample  sh.own 
in  4. 7. 2. 1.1.  The  viscosity  sluill  be  recorded  in  centipoise 

4 . 7 . 2 . 1  .1  T h  i  c k e  nod  Vis co  s  i  t  y  o  f  a  1  %  Cc ,  jO  1  y mo  r 

.Solution  of  T y [)e  I'  1 _ and  Type  01  .  Using  a  platform  balance, 

accurately  weigh  (X)  g  cl  sample  into  a  16-ounco,  wide-mouth 
jar.  Add  (W)  g  of  distilled  water  and  (V)  ml  of  IN  NaOH ,  in 
Miat  order.  Use  a  buret  calibrated  to  the  nearest  0.1  ml  to 
add  tlie  NaOll.  Mix  carefully  with  a  spiatula.  Avoid  aeration 
I-abel  this  solution  "A". 

Using  a  platform  balance,  weigh  specified  amounts  of 
solution  "a"  and  distilled  water  (both  from  Table  V  under 
"Final  Dilution")  into  a  16  outtce  jar.  Mix  carefully  with  a 
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spatula.  Avoid  aeration.  Determine  the  pH  of  the  solution 
in  accordance  with  ASTM  E70. 

Use  the  following  equations  to  calculate  the  weight  of 
sample,  volume  of  IN  NaOH  and  weight  of  water  required  to 
prepare  an  initial  neutralized  copolymer  solution. 


X  =  grams  of  sample  = 


R* 


%  gelled* 


V  =  ml  of  NaOH  = 


(X)  X  Acid  Number  * 

56.1  X  N  (NaOH) 


-B 


W  =  grams  of  water  =  S*  -  X  -  1.04  V 


*R,  B,  and  S  are  constants  from  Table  V.  Acid  Number  is 
considered  a  constant,  unless  otherwise  indicated.  %  gelled 
is  determined  in  accordance  with  4.7.7.  Determine  the 
viscosity  of  the  solution  at  25°C  ♦  2‘’C.  Use  the  Brookfield, 
Model  LVF  Viscometer  and  113  spindle  at  12  RPM. 

4.7,3  pH  value. 

4. 7. 3.1  pH  of  acrylate  emulsions.  The  pH  value  of  the 
acrylate  emulsions  shall  be  determined  on  the  neat  material 
at  25°C  1  I.C^C  in  accordance  with  ASTM  E70.  Care  must  be 
taken  to  rinse  electrodes  thoroughly  with  distilled  or 
deionized  water  immediately  after  determining  the  pH  value. 

4. 7. 3. 2  pH  of  surfactants.  The  pH  value  of  a  10%  (by 
volume)  solution  of  surfactant  in  distilled  or  deionized 
water  shall  be  determined  at  25‘'C  ♦  l.O^C  in  accordance  with 
ASTM  E70.  The  pH  may  change  slowly  with  time;  therefore,  the 
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table  V «  Constant  Valv 3s  and  Ranges 

Final  Dilution 

Tvoe  R  b  S _ a_Solu  tjonJlA;! - S 


Y^ 

669 

2 

400.0 

125.0 

125.0 

01 

1842 

3 

4CO.O 

50.0 

200.0 

Allowable 
ph  Range 

7.5  -  9-C 

7.5  -  8.5 


Acid 

Nujnber 
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relatively  steady  reading  after  several  minutes  of  stirring 
is  recorded. 

4.7.4  Density.  Weigh  a  clean,  dry  10  cc  volumetric 
flask.  Fill  to  the  mark  with  sample  and  reweigh.  Adjust 
temperature  to  25°C  ±  2°C  in  a  constant  temperature  bath. 
Record  density  in  g/cc  and  actual  sample  temperature. 

4.7.5  Corrosion.  The  liquid  for  immersion  of  the  metal 
specimens  for  general  corrosion  and  localized  corrosion  tests 
shall  consist  of  the  concentrate  of  each  of  Types  FI,  F2,  01 
and  02. 

4. 7. 5.1  General  corrosion. 

4. 7.5,1 -1  Test  specimens.  The  test  specimen  shall 
consist  of  UNS  30400  in  accordance  with  UNS  designations  (see 
ASTM  E527).  All  specimens  shall  be  milled  to  finished 
dimensions  of  approximately  1/16  inch  thick,  1/2  inch  wide, 
and  3  inches  long.  All  specimens  shall  be  degreased  in 
acetone,  rinsed  with  distilled  water  and  air  dried  before 
exposure.  (Prepared  metal  specimens  may  be  obtained  from  the 
Metaspec  Company,  Box  6715,  San  Antonio,  Texas  78209.) 

4. 7. 5. 1.2  Test  procedures.  Five  weighed  specimens 
shall  be  fully  immersed  in  the  test  medium  in  a  separate  600 
mL  beaker  and  held  at  25°C  ±  S^C  for  a  period  of  60  days.  A 
watch-glass  cover  shall  be  used  to  retard  evaporation.  At 
the  end  of  the  exposure  period,  the  weight- loss  shall  be 
determined  and  the  corrosion  rate  calculated  as  required. 
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A. 1,5, 2  Localized  corrosion. 

4. 7. 5. 2.1  Test  specimens.  The  test  specimens  shall 
consist  of  DNS  30400  CRES  milled  to  finished  dimensions  of 
approximately  1/16  inch  thick,  1/2  inch  wide,  and  3  inches 
long.  After  degreasing  with  acetone,  rinsing  with  distilled 
water,  and  air  drying  before  exposure,  the  specimens  shall  be 
pretreated  by  immersion  in  a  1:9  concentrated  nitric  acid- 
water  solution  for  a  period  of  5  minutes  and  then  rinsed 
again  with  distilled  water. 

4. 7. 5. 2. 2  Procedure .  Ten  specimens  shall  be  girdled 
lengthwise  with  a  clean  1/16  to  1/8  inch  wide  band  of  a  good 
grade  of  gum  rubber  of  a  size  such  that  the  band  is  taut 
during  the  test.  Because  of  the  poor  quality  of  mcsr 
commercial  rubber  bands,  it  is  recommei.ded  that  the  bands  for 
this  test  be  cat  from  1-3/4  inch  fiat  width  pure  gum  amber 
tubing.  Gooch  type  (Preiser  Scientific  Rubber  tubing.  Pure 
Gum,  Gooch  type,  1/32-it:ch  thin  wall,  pure  gum  amber  tubing 
is  very  elastic,  espociaily  made  for  Gooch  crucibles,  Stock 
No.  1  39080,  or  equal).  This  tubing  is  most  easily  cut  witli 
sharp  shears.  Tl:e  specimens  girdled  witli  t)ie  rubber  bands 
shall  be  placed  in  a  60  mb  beaker  so  that  no  contact  is  made 
betv/een  individual  specimens.  1/4- inch  layer  of  glass 
beads  shall  be  introduced  into  the  beaker  to  aid  in 
stabilizing  specimen  position.  Enough  liquid  shall  be  added 
to  completely  immerse  the  specimens,  and  a  watch-glass  shall 
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be  placed  over  the  beaker  to  retard  evaporation  (but  allow 
air  access)  and  act  as  a  dust  cover,  and  the  assemblies 
allowed  to  stand  at  room  temperature  for  60  days. 

4. 7. 5. 2. 3  Results.  The  specimens  shall  be 
monitored  daily  over  the  60-day  period  to  ascertain  the 
presence  or  absence  of  pitting.  These  daily  examinations 
shall  be  made  without  disturbing  the  test  (other  than 
removing  the  cover).  Corrosion  is  customarily  signaled  by 
appearance  of  a  dark  spot  which,  if  removed  after  sufficient 
exposure,  disclosc^s  a  corrosion  pit.  If  the  suspected  area 
cannot  be  positively  identified  by  the  naked  eye,  it  can  be 
at  a  magnification  of  10X.  At  the  end  of  the  test,  each 
specimen  shall  be  inspected  carefully  with  particular 
attention  being  given  to  the  edges  of  the  specimens  and  those 
areas  of  the  specimens  under,  or  adjacent  to  the  rubber 
bands.  1 0X  magnification  shall  be  used,  if  necessary. 

4.7.6  Percent  solids. 

4. 7. 6.1  Test  equipment.  Tared  aluminum  dishes  with  a 
close-fitting  cover  having  a  diameter  of  approximately  60  mm 
and  a  height  of  15  mm. 

4. 7. 6. 2  Test  procedure.  If  the  temperature  of  the 
emulsion  is  above  room  temperature,  allow  it  to  cool  to  room 
temperature.  Then  weigh  two  samples  of  approximately  1  g 
each  to  the  nearest  1.0  mg  in  dried  tared  aluminum  weighing 
dishes.  Dry  the  samples  tor  20  min.  in  a  forced-draft  oven 
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at  a  temperature  of  150°C  ±  2°C.  Remove  the  samples  from  the 
oven,  cool  the  container  and  contents  to  room  temperature  in 
a  desiccator,  and  weigh  them  to  the  nearest  0.1  mg.  Average 
the  values  if  they  are  within  0.1%.  If  not,  make  additional 
duplicate  determinations  until  a  pair  of  duplicate 
determinations  agree  within  0.1%.  Calculations  of  the 
pi_rcent  solid  content  are  to  be  conducted  in  accordance  with 
ASTM  D3716  paragraph  5.3. 

4.7.7  Fraction  gelled. 

4. 7. 7.1  Test  equipment.  Sieves,  Tyler  or  U.S.B.S.  20 
and  100-mesh,  diameter  8  inches,  all  stainless  steel.  Spray 
head  with  rubber  hose  connections.  Tin  can,  2-ounce,  style 
/S/12,  2-3/8  X  13/16  inch,  with  bead  and  trim,  body  degreased, 
lid  standard. 

4. 7. 7. 2  Test  procedure.  Transfer  one  liter  of  the 
sample  into  a  3.8  liter  jar  contaitiing  one  liter  of  clean  tap 
water  (25-30'“C)  and  swirl  to  obtain  a  uniform  mixture. 
Thorouqlily  wot  both  sides  of  a  20-mesh  and  100-mesh  sieve 
with  tap  water.  Connect  the  sieves  with  20-mosh  on  top,  and 
100-mesh  on  bottom.  Pour  the  diluted  sample  onto  the  20-mesh 
and  swirl  until  most  of  liquid  has  passed  through.  Using  a 
shower  head  connected  to  a  water  outlet,  rinse  the  sieves 
gently  with  clean  tap  water,  being  careful  to  avoid  foam 
formation.  Next,  separate  the  sieves  and  gently  rinse  the 
100  mesh  sieve,  again  being  careful  to  avoid  foam  formation. 
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(The  purpose  of  the  20-mesh  sieve  is  to  assure  the  obtaining 
of  true  gel  particles  by  removing  any  skins).  Immediately, 
before  the  100-mesh  sieve  can  dry,  treat  the  sieve  as 
follows:  Using  the  shower  head,  wash  the  gel  particles  on 
the  sieve  into  as  compact  a  mass  as  possible  in  one  corner  of 
the  sieve.  Place  a  dry  paper  towel  on  the  underside  of  the 
sieve  directly  below  the  collected  gel  particles  to  dry  the 
sieve  and  gel  particles.  Then,  use  a  small  spatula  to  scrape 
the  gel  particles  off  the  screen  and  transfer  them 
quantitatively  into  a  weighed  2-ounce  solids  can.  Place  the 
can  in  a  forced-draft  oven  at  150°C  t  2°C  for  20  minutes. 
Remove  the  can  from  the  oven,  close  the  lid,  and  allow  the 
can  to  cool  in  a  desiccator  to  room  temperature.  Then,  re¬ 
weigh  to  deter<nine  the  weight  of  dried  residue.  Report  to 
the  second  decimal  place,  the  weight  of  dried  residue  in 
grams  per  liter. 

4.7.8  Iron  content.  Accurately  weigh  10  grams  of 
sample  into  a  clean  30  ml  ceramic  crucible.  Place  the 
crucible  in  a  clay  triangle  and  carefully  burn  off  all 
organics  using  a  laboratory  burner.  Burn  off  the  remaining 
carbon  in  a  muffle  furnace  at  600°C.  Cool  the  crucible  to 
near  room  temperature,  add  1  ml  of  concentrated  hydrochloric 
acid  and  1  ml  of  concentrated  nitric  acid  and  digest  on  a  hot 
plate  until  light  boiling  occurs.  Cool.  Dilute  sample  to 
10.0  ml  and  perform  the  atomic  adsorption  analysis  in 
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accordance  with  ASTM  D1068.  Use  an  air-acetylene  flame 
(lean)  and  the  longest  burner  possible. 

4.7.9  Inorganic  sulfates.  The  weight  percent  of 
inorganic  sulfates  as  sodium  sulfate  shall  be  determined  in 
accordance  with  ASTM  D3673. 

4.7.10  Environmental  impact. 

4.7.10.1  Toxicity.  Toxicity  test  shall  be  performed  on 
rainbow  trout  in  accordance  with  ASTM  E729,  using  dynamic 
procedures.  The  minimum  acceptable  dissolved  oxygen  content 
of  water  used  Jn  this  procedure  shall  be  5  ppm. 

4.7.10.2  Chemical  oxygen  demand.  COD  sliall  be 
determined  in  accordance  wit)!  procedures  in  Standard  Methods 
for  the  Examination  of  Water  and  Waste  Water  (latest 
applicable  edition), 

4.7.10.3  Eiodeqradabi  lity.  Biodegradability  sliall  be 
determined  by  dividing  the  value  expressed  in  mg/L  for  the 
carbonaceous  biochemical  oxygen  demand  (CBOD)  specified  in 
Standard  Methods  for  the  Examination  of  Water  and  V'.’astc  Water 
(latest  applicable  edition)  by  the  value  expressed  in  mg/L 
for  chemical  oxygen  demand  (COD)  determined  as  specified  in 
4.7.10.2. 

4.7.11  Stability. 

4.7.11.1  Sample  preparation.  Samples  of  each 
concentrate,  and  the  two  foam  solutions,  as  appropriate, 
shall  be  prepared  in  sufficient  quantity  to  perform  the 
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required  tests.  One  liter  (L)  of  each  concentrate  shall  be 
placed  in  lightly  stoppered  glass  cylinder.  All  concentrate 
samples  shall  then  be  stored  being  subjected  to  accelerated 
aging  at  60®C  ±  2.0°C  for  a  period  of  1 0  days.  The 
concentrate  samples,  or  solutions  made  from  them,  shall  then 
be  subjected  to  the  following  tests: 


a* 

Foamability 

4.7.13 

b. 

Fire  performance 

(50  ft2) 

4.7.14 

c. 

Stratification 

4.7.15 

d* 

Precipitation 

4.7.16 

e. 

Performance  with 

simulated 

4.7.17 

propellants 

4.7,12  Compatibility. 

4.7.12.1  Sample  preparation.  The  Government  will 
provide  samples  of  appiopriate  qualified  product  to 
manufacturers  officially  authorized  to  submit  candidate 
material  for  qualification  (see  3.3.2).  Mixtures  of  the 
concentrates  to  be  tested  shall  be  prepared  in  sufficient 
quantities  to  perform  the  required  tests.  (For  qualification 
testing,  the  testing  activity  will  determine  the  number  of 
product  mixtures  to  be  evaluated  and  the  ratio  of  products 
comprising  these  mixtures).  One  L  of  each  shall  be  placed  in 
lightly  stoppered  glass  cylinders.  The  concentrate  samples 
shall  be  stored  at  65”C  ^  2.0‘*C  for  a  period  of  1 0  days.  The 
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samples  and  solutions  made  from  them  shall  then  be  subjected 
to  the  following  tests: 


a. 

Foamability 

4.7.13 

b. 

Fire  performance 

(50  ft2) 

4.7.14 

c. 

Stratification 

4.7.15 

d. 

Precipitation 

4.7.16 

e. 

Performance  with 

simulated 

4.7.17 

propellants 

4.7.13  Laboratory  foamability. 

4.7.13.1  Test  equipment.  Blender  ( Citation-Walther 
Corporation  unit  or  equivalent),  1000  cc  graduated  cylinder, 
balance  (1000  gram  capacity)  normal  laboratory  glassware. 

4.7.13.2  Procedure .  The  expansion  ratios  and  drainage 
rates  of  both  Type  I'  fuel  foam  and  Type  O  oxidant  foams  are 
determined  over  simulated  propellant  substrates  where 
liydrazino  fuel  is  replaced  with  ammonium  hydroxide  (NH^OB) 
and  nitrogen  tetroxide  oxidant  is  replaced  with  nitric  acid 
{HNO3).  Mix  1  volume  of  the  acrylic  concentrate  (FI  for  the 
fuel  foam  or  01  for  the  oxidizer  foam)  with  4  volumes  of 
water  and  stir.  Mix  1  volume  of  the  surfactant  concentrate 
(F2  for  the  fuel  foam  or  02  for  the  oxidizer  foam)  with  4 
volumes  of  water  and  stir  thoroughly,  being  careful  to  avoid 
foam  formation.  From  each  of  the  mixtures  remove  equal 
v’olume  aliquots.  Place  t)ie  F2  or  02  aliquot  in  the  foam 
generator  (blender),  /(dd  the  FI  or  01  (Make  sure  t)iat  FI  is 
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combined  with  F2  for  the  fuel  foam  and  01  is  combined  with  02 
for  the  oxidizer  foam)  aliquot  and  start  agitation 
immediately  using  the  UQ  setting  (18,500  rpm);  continue  for 
about  30  seconds.  Add  either  20  ml  of  concentrated  reagent 
grade  NH4OH  or  HNO3  appropriate  (see  Table  II)  to  the 
graduated  cylinder.  Weigh  the  cylinder  and  substrate  to  the 
nearest  gram.  Transfer  980  ml  of  the  foam  generated  in  the 
blender  to  the  1000  ml  mark  of  the  cylinder.  Determine  the 
25%  drainage  time  as  specified  in  NPPA  412.  In  addition,  the 
percent  of  foam  collapse  after  24  hours  shall  be  determined 
for  Type  F  foams  only  and  the  time,  in  minutes,  required  for 
50%  of  the  foam  column  to  collapse  shall  be  determined  for 
Type  0  foams  only, 

4,7.14  Fire  test.  No  fire  test  shall  be  conducted  when 
the  wind  speed  is  above  10  miles  per  hour  (mi/hr).  The  fire 
test  shall  be  conducted  in  a  square  metal  pan  with  a  total 
area  of  50  ft^  in  accordance  with  U.L.  162.  NOTE:  The 
materials  used  in  this  test  are  extremely  hazardous  and  must 
be  handled  in  accordance  with  approval  safety  procedures. 

Only  a  few  test  sites  in  this  country  are  approved  to  conduct 
tests  with  these  toxic  materials.  In  addition  to  their 
toxicity,  the  fuel  has  been  known  to  ignite  spontaneously 
when  cert,-* in  conditions  of  heat  and  oxidation  exis^  in  the 
fire  test  pan. 

4*7.1 4,1  Type  F  low  expansion  test. 
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4.7.14.1.1  Test  equipment.  The  nozzle  used  for  the  low 
expansion  test  shall  be  the  4  gal/min  nozzle  manufactured  by 
National  Foam  Systems,  Inc.,  Lionville,  PA,  Part  No.  1251- 
0896-5.  The  nozzle  inlet  pressure  shall  pe  a  gage  pressure 
of  100  Ib/in^.  The  discharge  from  the  nozzle  shall  be 
directed  against  a  backboard  which  is  placed  at  one  edge  of 
the  test  plan  in  order  to  achieve  the  gentle  application  of 
foam  described  as  Type  II  in  the  U.L.  162  procedure. 
I'lame/extinguishment  shall  be  viewed  through  an  IK  thermal 
imaainq  device  (English  Electric  Valve  Company  l.imitt'd 
ininialuio  thermal  imaging  camera  Model  P4428  or  equal). 

4.7.14.1.2  Foam  component  preparation .  Ttie  t  wo  t  cam 

components,  FI  and  F2 ,  shall  be  prepared  at  20"C  ♦  5°C.  The 
premixed  component  solutions  shall  be  20  0.05  percent 

solutions  made  with  fresh  V'/ater.  'Die  two  premiye-i  component 
s'^lutions  shall  be  projia red  no  note  ttian  24  hours  before  the 
initiation  of  the  fire  te.st  .  The  premixod  solutions  siuili  be 
stored  in  stainless  steel  containers,  to  prevent 
polymerization  by  iron  contamination  of  the  component.s,  see 
Figure  5. 

4.7.14.1.3  Fuel .  Fuel  tor  the  tire  test  shall  be  55 
gal  of  a  50-50  mixture  of  hydrazine  and  unsymmetric  dimethyl 
hydrazine  conforming  to  requirements  of  MIL-P-2560,  NOTE: 

As.  stated  in  4,7.14,  this  fuel  is  highly  toxic  and  must  be 
(landlod  in  accordance  with  proper  safety  procedures. 
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4.7.14.1.4  Foam  generation.  The  two  components  shall 
not  be  mixed  until  immediately  before  being  applied  to  the 
test  pan.  The  two  components  shall  be  mixed  in  equal 
proportion  at  a  total  flow  rate  of  4  gal/min.  No  more  than 
20  ft  of  hose  or  piping  shall  be  installed  between  the  mixing 
point  and  the  discharge  nozzle.  The  recommended  foam 
generation  set-up  is  shown  in  Figure  5. 

To  make  foam,  each  tank  is  loaded  with  the  premix  and 
sealed.  Air  pressure  is  applied  to  the  tank  top.  When  the 
pressure  reaches  100  psi,  each  shutoff  valve  is  opened 
individually  and  the  pressure  regulators  adjusted  to  read  30 
psi  at  the  foam  maker  for  high  expansion  foam,  and  100  psi 
for  low  expansion  foam.  Both  valves  are  then  opened  to 
insure  that  good  foam  is  being  produced,  after  which  both 
valves  are  closed.  The  system  is  now  ready  for  fire  testing. 
It  is  advisable  not  to  allow  the  mixed  foam  solutions  to 
remain  in  the  line  between  the  balancing  valve  and  the 
foamaker  for  more  than  5  minutes  without  restarting  flow. 

When  foam  is  to  be  generated  for  testing,  both  shutoff 
valves  are  opened  simultaneously.  Do  not  make  any 
adjustments  to  the  pressure  regulators  on  either  line.  Foam 
generation  is  stopped  by  closing  both  shutoff  valves 
simultaneously.  Within  5  minutes  after  testing  stops,  all 
lines  should  be  flushed  with  water  and  drained.  In  cold 
weather,  care  should  be  taken  to  prevent  freezing  of  lines 
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and  components.  The  nozzle  shall  be  directed  at  the  same 
metal  backboard  over  one  edge  of  the  pan  to  allow  gentio 
application  of  foam  to  the  fuel  surface. 

4.7.14.1.5  Test  procedure.  The  fuel  shall  be  dumped 
into  the  pan  within  10  minutes  and  ignited  within  one  minute 
of  dumping.  After  allowing  a  preburn  period  of  60  seconds 
application  of  foam  shall  begin  tVirough  the  nozzle.  The 
exact  extinguishing  time  shall  he  recorded  as  /iewed  through 
the  IR  thermal  imaging  device,  but  foam  application  shall 
cotitinue  for  a  total  of  5  minutes. 

4.7.14.1.0  Bji  'iiback  procedure .  Conduc t  burnback  a  id 
wand  ti-sts  in  accordancr'  with  fUi162. 

4.7.14.1  .7  Pot.  fire  vapot  socurir  ;  test .  6  0  seconds 

attt'r  successful  completion  of  the  burnback  test,  the 
atmospheii'  above  the  loam  blanket  shall  be  tested  for  the 
presence  of  {u‘.'l  vipor.  Samples  shall  bo  taken  from  3  points 
above  the  foam  surface,  with  two  of  the  points  being  above 
the  center  and  one  of  the  edges  of  the  pati,  while  the  third 
point  shall  be  above  the  area  used  for  the  burnback  test. 
Note;  Appropriat<  detector  tubes  and  sampling  devices  are 
available  from  the  Mine  Safety  Appliance  Company  (MSA)  and 
other  reliable  manufacturers, 

4.7.14.2  Type  F  high  expansion  test . 

4.7.14.2.1  Test  equipment.  The  foam  shall  be  generated 
by  means  of  the  5  inch  Mark  IV  foam  generator,  as  made  by 
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Mine  Safety  Appliances  Co.,  Inc.,  Evans  City,  Pennsylvania, 
(or  equal)  utilizing  a  Number  16  nozzle,  adjusted  to  provide 
an  expansion  ratio  of  230,  when  flowing  a  standard  foam 
solution  at  60  lb/in“  inlet  nozzle  pressure.  The  inlet 
pressure  shall  hje  a  gage  pressure^ of  30  Ib/in^.  The  end  of 
the  foam  generator  shall  be  placed  at  the  edge  of  the  test 
pan  at  a  height  of  1  to  2  feet  above  the  pan.  Flame 
extinguishment  shall  be  determined  by  viewing  through  the  IR 
thermal  imaging  device  described  in  4.7.14.1.1. 

4.7.14.2.2  Foam  component  preparation.  As  specified  in 
4.7.14.1 .2. 

4.7.14.2.3  Fuel .  As  specified  in  4.7.14.1.3 

4.7.14.2.4  Foam  generation.  The  two  components  shall 
net  be  mixed  until  immediately  before  being  applied  to  the 
test  pan.  The  two  components  shall  be  mixed  in  equal 
proportion  at  a  total  flow  rate  of  2.6  gal/min.  The 
recommended  foam  generation  set-up  and  procedure  is  discussed 
in  4.7.14.1.4. 

4.7.14.2.5  Test  procedure.  The  fuel  shall  be  dumped 
into  the  pan  within  10  minutes  and  ignited  within  one  minute 
of  dumping.  After  allowing  a  preburn  period  of  60  seconds 
application  of  foam  shall  begin  through  the  foam  generator. 
The  exact  extinguishing  time  shall  be  recorded,  as  viewed 
through  the  IR  thermal  imaging  device.  Neither  the  wand  test 
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nor  burnback  test  as  specified  in  UL1u2  is  applicable  to  high 
expansion  foam. 

4.7.14.2.6  Post-fire  vapor  securing  test.  As  specified 
in  4.7.14.1.7  except  that  tests  for  the  fuel  vapor  (N2H4) 
shall  be  conducted  60  seconds  after  completion  of  foam 
application. 

4.7.  i 4.3  Type  0  high  expansion  test. 

4.7.14.3.1  rest  equipment.  As  specified  in  4.7.14.2.1 

4.7.14.3.2  Foam  component  preparation.  The  02 
concentrate  container  sha'l  be  inverted  at  least  tv;icc,  at  24 
hour  intervals  ( nuninujin )  .■  in  the  week  immediately  preceding 
the  te.  ...  The  02  concentrate  shall  be  mechanically  mixed 
immediately  before  drawing  off  the  material  which  will  be 
used  to  prepare  the  premix  component  solutions.  The  two  foam 
components,  01  and  02,  shall  be  prepared  at  20'^C  +  5°C.  The 
premixed  componenc  solutions  shall  be  20  +  0.05  percent 
solutions  made  with  fresh  water.  The  two  premixed  component 
solutions  sturll  be  prepared  no  more  than  24  fuiurs  before  t'ne 
initiation  of  tlie  fire  test.  The  premixed  solutions  shall  be 
stored  in  stainless  steel  containers,  see  Figure  5, 

4.7.14.3.3  Fuel  for  the  fire  test  shall  be  a 
mixture  of  30  gal  of  di nitrogen  tetroxide  (N2O4)  complying 
with  MIL-P-26S39,  and  30  gal  of  diosel  fuel  complying  with 
FFD  SPEC  VV-F-800  (Cracle  DF-2).  WARNING:  The  fumes  from 
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N2O4  are  extremely  corrosive  and  toxic  and  extreme  care  must 
be  utilized  in  handling  this  material. 

407.14.3.4  Foam  generation.  As  specified  in 
4.7.14.2.4. 

4.7.14.3.5  Test  procedure.  As  specified  in  4. 7. 14. 2. 5^ 
except  preburn  time  is  reduced  to  30  seconds.  Neither  the 
wand  test  nor  burnback  test  as  specified  in  UL1 62  is 
applicable  to  these  high  expansion  foams. 

4.7.14.3.6  Post-fire  vapor  securing  test.  As  specified 
in  4.7.14.1.7  except  that  tests  for  oxidant  vapor  (NOx)  shall 
be  conducted  60  seconds  after  completion  of  foam  application. 

4.7.14.4  Foamability.  The  foams  shall  be  generated  by 
means  of  the  equipment  described  previously  for  the  50  ft^ 
fire  test.  Foam  samples  shall  be  collected  immediately  after 
the  cessation  of  foam  application  to  the  test  pan.  The 
nozzles  shall  be  held  at  hip  height  and  directed  onto  the 
backboard  from  the  distances  specified  below.  The  method  and 
procedure  shall  be  in  accordance  with  NFPA  Standard  No.  412. 
The  expansion  ratio  and  25%  drainage  time  shall  be  determined 
in  accordance  with  this  procedure. 

4.7.14.4.1  Low  expansion.  The  foam  shall  be  generated 
by  means  of  the  4  gallons  per  minute  (gal/rain)  test  nozzle 
described  in  4.7.14.1.1.  During  sample  collection  the  nozzle 
inlet  pressure  shall  be  maintained  at  a  gage  pressure  of  100 
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pounds  per  square  inch  (Ibs/in^),  and  the  solution  directed 
onto  the  backboard  from  a  distance  of  4  to  6  feet, 

4.7.14.4.2  High  expansion.  The  nozzle  used  for  the 
high  expansion  test  shall  be  the  foam  generator  specification 
4.7.14.2.1.  During  sample  collection  the  nozzle  inlet 
pressure  shall  be  maintained  at  a  gage  pressure  of  30  lb/in2 
and  the  solution  shall  be  directed  onto  the  backboard  from  a 
distance  of  2-3  feet. 

4.7.15  Stratification.  The  presence  of  stratification 
shal-  be  determined  by  visual  examination  of  the  samples 
contained  in  the  glass  cylinders. 

4.7.16  Prer ' potation.  The  amount  of  precipitation 
shall  ue  determined  by  centrifuging  to  a  100  mL  sample 
withdrawn  from  the  1  L  sample  after  thorough  agitation  in 
accordai^ce  with  the  nrimary  method  of  ASTM  096-73. 

4.7.17  Packaging  insyiection.  Sample  packages  and  packs 
and  the  inspection  of  preservation,  packaging,  packing,  and 
marking  for  shipment  and  s«-orago  shall  be  it^  accordoince  witli 
the  requirements  of  4.6,  section  5  and  the  documents 
specified  therein. 

5.  PACKAGING 

(The  packaging  requirements  specified  herein  apply  only  for 
direct  Government  acquisi  tions .  For  tlie  extent  of 
applicability  of  the  packaging  requirements  of  referenced 
documents  listed  in  section  2,  see  6.4.) 
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5.1  Preservation-packaging.  Preservation-packaging  for 
level  A  shall  be  as  specified  hereinafter. 

5.1.1  The  four  liquid  concentrate  components  shall  be 
furnished  in  55-gallon  composite  containers  as  specified  (see 
6.2.1  ). 

5. 1.1.1  Fifty-five  gallon  container.  The  55-gallon 
container  shall  be  a  composite  comprised  of  a  plastic  insert 
and  a  steel  drum  overpack.  The  composite  container  shall 
conform  to  the  requirements  of  type  II,  class  4  of  PPP-C- 
1337,  and  the  following: 

a.  Insert.  The  insert  shall  contain  two 
protruding  openings  in  the  top  head  -  one 
3/4-inch  and  one  2-inch.  Openings  shall  be 
so  designed  that  when  positioned  in  the  steel 
drum  cover  there  will  be  no  strain  on  the 
protruding  openings.  The  protruding  plastic 
openings  shall  be  secured  to  the  drum  cover 
by  means  of  lock  or  retaining  rings  and 
gaskets.  Openings  shall  be  closed  by  use  of 
NPT  threaded  plastic  plugs. 

b.  Covers.  The  steel  drum  cover  shall  be 
provided  with  two  openings  to  accommodate  the 
protruding  insert  ojicnings.  Covers  shall  be 
fully  removable.  Cover  gaskets  are  not 
required.  Covers  shall  be  secured  to  the 
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steel  drum  with  minimum  1 6-'gage  belt  or  lever 
lock  type  locking  rings. 

5. 1.1. 2  Exterior  color  and  coatings.  The  red  color 
(see  3.6)  shall  be  an  approximate  match  to  color  number  11105 
of  FED-STD-595.  The  orange  color  (see  3.6)  shall  be  an 
approximate  match  to  color  number  1  2246  of  FED--STD-595 . 
Exterior  coating  for  steel  drum  overpacks  shall  conform  to 
TT-E-489. 

5.2  Packing.  For  level  A  no  further  packing  is 
required. 

5.2.1  Method  of  shipment  shall  comply  with  Uniform 
Freight  Classification  Ratings,  Rules,  and  Regulations  or 
other  ciUTier  rules  as  applicable  to  the  mode  of 
transportation. 

5.3  Marking.  In  addition  to  the  marking  specified  in 
3.6  and  any  special  marking  required  (see  6.2.1),  containers 
and  palletized  unit  loads  shall  be  marked  in  accordance  with 
MIL-STD-1 29. 

6 .  NOTES 

6.1  Intended  use.  The  concentrates  as  intended  for  use 
in  mechanical  foam  generating  equipment  for  suppressing  toxic 
vapor  release  from  accidental  spills  of  liquid  propellants  as 
well  as  for  extinguishing  fires  where  the  fuel  is  either 
hydrazine  alone  or  a  hydrocarbon  fuel  where  combustion  is 
supported  by  dinitrogen  tetroxide  as  the  oxidant. 
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6.2  Ordering  data. 

6.2.1  Acquisition  requirements.  Acquisition  documents 
should  specify  the  following: 

a.  Title,  number,  and  date  of  this  specification, 

b.  Type  of  concentrate (s)  required  (see  1.2). 

c.  Special  marking,  if  required  (see  5.3). 

6.2.2  Data  requirements.  When  this  specification  is 
used  in  a  contract  which  invokes  the  provision  of  the 
"Requirements  for  Data"  of  the  Defense  Acquisition  Regulation 
(DAR),  the  data  identified  below,  which  are  required  to  be 
developed  by  the  contractor,  as  specified  on  an  approved  Data 
Item  Description  (DD  Form  1664),  and  which  are  required  to  be 
delivered  to  the  Government,  should  be  selected  and  specified 
on  the  approved  Contract  Data  Requirement  List  (DD  Form  1423) 
and  incorporated  in  the  contract.  When  the  provisions  of  the 
"Requirements  for  Data"  of  the  DAR  are  not  invoked  in  a 
contract,  the  data  required  to  be  developed  by  the  contractor 
and  required  to  be  delivered  to  the  Government  should  be 
selected  from  the  list  below  and  specified  in  the  contract. 

Paragraph  Data  requirement  Applicable  DID 

4.5.1  Test  reports  DI-T-2072 

(Copies  of  data  item  descriptions  required  by  the  contractors 
in  connection  with  specific  acquisition  functions  should  be 
obtained  from  the  contracting  activity  or  as  directed  by  the 
contracting  officer.  Unless  otherwise  indicated,  the  issue 
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in  effect  on  date  of  invitation  for  bids  or  request  for 
proposal  shall  apply. ) 

6. 2. 2.1  The  data  requirements  of  6.2.2  and  any  task  in 
section  3,  4,  or  5  of  the  specification  required  to  be 
performed  to  meet  a  data  requirement  may  be  waived  by  the 
contracting/acquisition  activity  upon  certification  by  the 
offeror  that  identical  data  were  submitted  by  the  offeror  and 
accepted  by  the  Government  under  a  previous  contract  for 
identical  item  acquired  to  this  specification.  This  does  not 
apply  to  specific  data  which  may  be  required  for  each 
contract  regardless  of  whether  an  identical  item  has  been 
supplied  previously  (for  example,  test  reports). 

6.3  With  respect  to  products  requiring  qualification, 
awards  will  be  made  only  for  products  which  are  at  the  time 
set  for  opening  of  bids,  qualified  for  inclusion  in  the 
applicable  Qualified  Products  List  QPL  XXXX  whether  or  not 
such  products  have  actually  been  so  listed  by  that  date.  The 
attention  of  the  contractors  is  called  to  these  requirements, 
and  manufacturers  are  urged  to  arrange  to  have  the  products 
that  they  propose  to  offer  to  the  Federal  Government  tested 
for  qualification  in  order  that  they  may  be  eligible  to  be 
awarded  contracts  or  orders  for  the  products  covered  by  this 
specification.  The  activity  responsible  for  the  Qualified 
Products  List  is  AFESC  Tyndall  AFB,  Air  Force  Engineering 
Services  Command,  Fire  Technology  Branch,  Tyndall  Air  Force 
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Base,  FL,  32403,  and  information  pertaining  to  qualification 
of  products  may  be  obtained  from  that  activity.  Application 
for  Qualification  tests  shall  be  made  in  accordance  with 
"Provisions  Governing  Qualification  SD-6"  (see  6.3.1). 

6.3.1  Copies  of  "Provisions  Government  Qualification 
SD-6"  may  be  obtained  upon  application  to  Commanding  Officer, 
Naval  Publications  and  Forms  Center,  5801  Tabor  Avenue, 
Philadelphia,  PA  19120. 

6.4  Sub-contracced  material  and  parts.  The  packaging 
requirements  of  referenced  documents  listed  in  section  2  do 
not  apply  when  material  is  acquired  by  the  contractor  for 
incorporation  into  the  concentrate  and  lose  separate  identity 
when  the  concentrate  is  shipped. 

Custodians  Preparing  Activities 


Air  Force  -  19 

Air 

Force  -  50 

Review  Activities 

Air  Force  -  68 

( Project 

6850-F828) 
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THIS  END  UP 

U.S. 

HYPERGOLIC  PROPELLANT  FOAMS  LIQUID  CONCENTRATE 
In  accordance  with 
MILITARY  SPECIFICATION  MIL-V 
TYPE  FI  -  FUEL  FOAM  GELLING  AGENT 
THIS  VAPOR  SUPPRESSING/FIRE  EXTINGUISHING  CONCENTRATE  IS 
FOR  USE  BY  DILUTION  WITH  WATER  IN  FIXED  OR  MOBILE 
SYSTEMS.  IT  MUST  BE  USED  IN  COMBINATION  WITH  THE  TYPE  F2 
SURFACTANT.  THE  CONCENTRATE  MAY  BE  DILUTED  FOR  USE  IN 
FLOW  PROPORTIONING  EQUIPMENT  WITH  FRESH  WATER  AT  VOLUME 
PROPORTIONS  OF  ONE  GALLON  EACH  OF  THE  FI  AND  F2 
CONCENTRATES  TO  8  GALLONS  WATER. 

FOR  READY  USE  DO  NOT  SI'ORE  BELOW  32'’F.  AVOID  PROLONGED 
STORAGE  ABOVE  120®F.  DO  NOT  MIX  WITH  OTHER  THAN  TYPE  F2 
LIQUID  CONCENTRATE  IN  ACCORDANCE  WITH  MII,-V-  AND 
WATER . 


MANUFACTURER'S  NAME 

ADDRESS 

BATCH  NO. 

DATE  OF  MANUFACTURE 


FIGURE  1 .  Type  FI  container  markings. 
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THIS  END  UP 

U.S. 

HYPERGOLIC  PROPELLANT  FOAMS  LIQUID  CONCENTRATE 
In  accordance  with 
MILITARY  SPECIFICATION  MIL-V- 
TYPE  F2  -  FUEL  FOAM  SURFACTANT 
THIS  VAPOR  SUPPRESSING/FIRE  EXTINGUISHING  CONCENTRATE  IS 
FOR  USE  BY  DILUTION  WITH  WATER  IN  FIXED  OH  MOBILE 
SYSTEMS.  IT  MUST  BE  USED  IN  COMBINATION  WITH  THE  TYl'E  FI 
GELLING  AGENT.  THE  CONCENTRATE  MAY  BE  DILUTED  FOR  USE  IN 
FLOW  PROPORTIONING  EQUIPMENT  WITH  FRESH  WATER  AT  VOLUME 
PROPORTIONS  OF  ONE  GALLON  EACH  OF  THE  FI  AND  1'2 
CONCENTRATES  TO  8  GALLONS  WATER, 

FOR  READY  USE  DO  NOT  STORE  BELOW  32‘'F,  AVOID  PROLONGED 
STORAGE  ABOVE  120“F.  DO  NOT  MIX  WITH  OTHER  THAN  TYPE  F! 
LIQUID  CONCENTRATE  IN  ACCORDANCE  WITH  MIL-V-  AND 

WATER . 


MANUFACTURER ' S  NAME 

ADDRESS 

BATCH  NO. 

DATE  OF  MANUFACTURE 


FIGURE  2.  Type  F2  container  markings. 
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THIS  END  UP 

U.S. 

HYPERGOLIC  PROPELLANT  FOAMS  LIQUID  CONCENTRATE 
In  accordance  with 
MILITARY  SPECIFICATION  MIL-V- 
TYPE  01  -  OXIDIZER  FOAM  GELLING  AGENT 
THIS  VAPOR  SUPPRESSING/FIRE  EXTINGUISHING  CONCENTRATE  IS 
FOR  USE  BY  DILUTION  WITH  WATER  IN  FIXED  OR  MOBILE 
SYSTEMS.  IT  MUST  BE  USED  IN  COMBINATION  WITH  THE  TYPE  02 
SURFACTANT.  THE  CONCENTRATE  MAY  BE  DILUTED  FOR  USE  IN 
FLOW  PROPORTIONING  EQUIPMENT  WITH  FRESH  WATER  AT  VOLUME 
PROPORTIONS  OF  ONE  GALLON  EACH  OF  ThC  01  AND  02 
CONCENTRATES  TO  8  GALLONS  WATER. 

FOR  READY  USE  DO  NOT  STORE  BELOW  32'’F.  AVOID  PROLONGED 
SIXIRAGE  ABOVE  120"F.  DO  NOT  MIX  WITH  OTHER  THAN  TYPE  02 
LIQUID  CONCENTRATE  IN  ACCORDANCE  WITH  MIL--V-  AND 

WATER . 


MANUFACTURER ' S  NAME 

ADDRESS 

BATCH  NO. 

DATE  OF  MANUFACTURE 


FIGURE  3.  Type  01  container  markings. 
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THIS  END  UP 

U.S. 

HYPERGOLIC  PROPELLANT  FOAMS  LIQUID  CONCENTRATE 
In  accordance  with 
MILITARY  SPECIFICATION  MIL-V- 
TYPE  02  -  OXIDIZER  FOAM  SURFACTANT 
THIS  FIRE  VAPOR  SUPPRESSING/EXTINGUISHING  CONCENTRATE  IS 
FOR  USE  BY  DILUTION  WITH  WATER  IN  FIXED  OR  MOBILE 
SYSTEMS.  IT  MUST  BE  USED  IN  COMBINATION  WITH  THE  TYPE  01 
GELLING  AGENT.  THE  CONCENTRATE  MAY  BE  DILUTED  FOR  USE  IN 
FLOW  PROPORTIONING  EQUIPMENT  WITH  FRESH  WATER  AT  VOLUME 
PROPORTIONS  OF  ONE  GALLON  EACH  OF  THE  01  AND  02 
CONCENTRATES  TO  8  GALLONS  WATER. 

FOR  HEADY  USE  LX)  NOT  STOKE  BELOW  32"F.  AVOID  PROLONGED- 
STORAGE  ABOVE  120‘'F.  DO  NOT  MIX  WITH  OTHER  THAN  TYPE  01 
LIQUID  concentrate  IN  ACCORDANCE  WITH  MIL-V-  AND 

WATER . 


MANUFACTURER 'S  NAME 

ADDRESS 

BATCH  NO. 

DATE  OF  MANUFACTURE 


t'lGURE  4 .  Type  02  container  markings 
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INSTHUCnOWS:  In  o  ^ooLunun^  ♦ffort  lo  mAk«  our  *Un<lArdizalioo  <k>cvm«t)U  b<(Ur,  tW  DoD  pftrriiiM  tM*  fom  for  in 
»ubaultiaf  co<xun«oU  *nd  «u<x*^itk>cM  for  impw^'rrtrtrnLt.  Ail  UMn  of  noiliUry  cUmljirdixrtfioa  <&ocwi>«oU  at*  larrH^d  to  proridr 
Thi*  form  b«  d«l«c^«d,  fc4dr  i  %lor\|  lb«  Un««  indicatrd,  uprd  aIoot  ^  SOT  STAPLE}^  and 

iMikd.  la  block  5,  b«  -spacinc  tu  poM^^«  oboul  parUcuUi’  probWm  areat  «ucb  m  wot  dun  a4kfa  r»qulr*d  hU«rpr«tatioD,  «w 
too  ripd^  raatnct^iM,  Ioom^  ombk^-oM^  or  was  >ncora(V4tlb]«,  and  frn  propcKad  worditn  cbaufoi  wbicb  wotdd  aUoiaU  tb« 
probltim.  Entar  ia  block  6  >.^>y  rrta^rij  rK>l  to  a  ipaciftc  paxafrapb  of  the  documaot,  \i  block  7  (t  TilWd  out.  an 

a£knowi«<jk«saaot  vUI  ba  mailed  to  joa  triUiin  30  day«  to  M  you  knov  that  your  coenmawk  war*  lacaliwd  and  axw  £»eiox 
cv  midarad. 

SOTE:  Tbii  fortn  may  ool  be  umJ  U>  re<igf»:  C'C'pir*  of  OocumenU,  nor  u>  re<jue«t  wamra,  Hcriationa,  or  cUnr»caUon  of 
■pwcificaUoo  re^uiramaoU  ''n  curreol  cool  rat  u,  (.‘o  ti  voU  00601111“*^  on  tbU  form  do  not  cooatituU  or  imply  autborlxation 
to  wal**  any  portioo  of  th#  ;efrtvnc<d  documentf#^  or  lo  amend  contractual  requirecneota. 


WOA#  thu  tln^p 


UtPAMTUfigT  OP  TMf  NAVV 


NO  ro5Ta<;» 
N%CI«an- 
I  *'  u  a  I  ^  t  0 
IN  TmI 

UNIT  I  0  IT  A*t  I 


OMtciAt  iiismcss 
*tNAii*  aoaaaivatt  vtt  k 


BUSINESS  REPLY  MAIL 

atauMKO  p  c 

rr^vrat.i  v*'i  i  PC  p*iO  av  »i»i  oiraiitMt  Nt  0i  »m|  navv 


Htjt'idquit  r  t  or  $  Air  Torro  J!nin  r  i  otj  »trtd  .'ocvicos  Center 
(MO  AKKSC/HOCr) 

TyndaU  Air  lUifU',  n.  324O)-60O) 
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APPENDIX  H 

GLOSSARY  OF  ACRONYMS  AND  TERMS 
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A- 50  -  Aerozfne  50 

A  50-50  blend  by  weight  of  un symmetrical  dimethyl  hydrazine  and 
hydrazine. 

Acidulation 

Made  acid  or  sour. 

Acrylic-modified  surfactant  foam 

Foam  compound  of  appropriate  acrylic  gelling  agents,  alpha  olefin 
sulfanate  surfactants,  and  other  appropriate  additives  developed  for 
vapor  suppression  of  hypergolic  propellants. 

AFFF 

Aqueous  Film-Forming  Foam. 

AH 

Anhydrous  hydrazine. 

ARC  -  Alcohol -Resistant  Concentrate 

Foam  concenf'ate  for  use  on  polar  solvent  fires. 

Carboxyvinyl  polymers 

Organic-acid  modified  polymer  used  in  foams. 

Class  A  fires 

Wood/paper  products  fires. 

Cryogenic  traps 

Low  temperature  trapping  apparatus. 

Dry  ice 

Solid  carbon  dioxide,  below  -78.5  °C. 

Foam  Generator 

A  device  which  combines  and  aerates  the  foam  constituents  (water, 
surfactant,  etc.)  and  delivers  the  expanded  foam  product. 

Fuel 

The  hydrazine-based  compound  oxidized  in  the  hypergolic  mixture.  The 
fuel  may  be  hydrazine,  MMH,  UOMH,  or  A-50. 

Heptane 

Standard  hydrocarbon  fuel,  C/Hn,. 

High-expansion  foam 

Foam  which  occupies  a  volume  greater  than  100  times  larger  than 
commodities  (water,  surfactant,  etc.)  used  to  generate  the  foam. 
High-volume  generator 

A  foam  generator  which  produces  in  excess  of  2000  ft^/min  of  high- 
expansion  foam  or  greater  than  75  gallons  per  minute  of  low-expansion 
foam. 


216 


Hydrazi ne 

A  colorless,  corrosive,  liquid  base  used  as  a  jet  and  rocket  fuel. 
Hygroscopic 

Attracting  or  absorbing  moisture  from  the  air,  changed  or  altered  by 
the  absorption  of  moisture. 

Hypergollcs 

Igniting  spontaneously  when  mixed  together,  as  rocket  fuel  and  oxidizer 
combinations. 

Low-expansion  foam 

Foam  which  occupies  a  volume  less  than  100  times  that  of  the 
commodities  (water,  surfactant,  etc.)  from  which  It  Is  generated. 
Low-volume  generator 

A  foam  generator  capable  of  generating  less  than  750  cubic  feet  per 
minute  of  high-expansion  foam  or  less  than  25  gallons  per  minute  of  low- 
expansion  foam. 

Medium-volume  generator 

A  foam  generator  capable  of  generating  between  750  and  2000  cubic  feet 
per  minute  of  high-expansion  foam  or  between  25  to  75  gallons  per  minute 
of  low-expansion  foam. 

MMH 

Monomethyl hydrazi ne . 

MSA  ASE-60 

An  acid-containing,  crossl inked  acrylic  etnulslon  copolymer. 

MSA  ASE-95 

An  acid-containing,  acrylic  emulsion  copolymer. 

MSA  Type  V  foam 

A  high  water  retention  hydrocarbon  surfactant  base  foam  concentrate 
suitable  for  use  In  both  low-  and  high-expansion  foam  appliances. 

NFPA 

National  Fire  Protection  Association. 

Nitrogen  Tetroxide. 

Oxidizer 

The  nitrogen  dioxide  (NO2)  bearing  cojnponent  of  the  hypergollc  mixture 
responsible  for  oxidizing  the  reaction.  Oxidizers  include  nitrogen 
tetroxide  (NjO^)  and  red  fuming  nitric  acid  (RFNA). 
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Oxidizer  foam 

A  foam  formulation  developed  for  optimal  vapor  suppression  and  foam 
persistence  over  liquid  nitrogen  dioxide  oxidizers. 

Pen 

A  temporary  test  structure  designed  to  test  the  flow  of  high-expansion 
foam  over  a  significant  distance. 

Proteinaceous  materials 

Materials  composed  of  protein  (amino  acid). 

Rohm  and  Haas  AC-33 

A  latex  acrylic  product. 

SCBA 

Self-contained  breathing  apparatus. 

Silicic  Acid  Gels 

Gels  precipitated  by  acidifying  sodium  silicate  solution. 

Spill 

An  unplanned  release  of  propellant  liquid  or  vapor. 

Surfactants 

A  surface-active  agent. 

TGD 

Thermal  Gas  Device. 

3M  ACT  polar  solvent  agent 

Foam  concentrate  produced  by  3M  company  for  use  on  polar  solvent  fires. 
Toxic  Hazard  Corridor 

The  area  surrounding  a  spill  in  which  the  vapor  concentration  of 
propellant  is  at  or  exceeds  the  limits  which  have  been  determined  as 
toxic, 

UOMH 

Unsymmetrical  dimethyl  hydrazine. 

UL 

Underwriters  Laboratories. 

Wet  ice 

Solid  water,  0“  C, 

Wind  variability 

An  index  of  the  lateral  diffusion  of  a  toxic  chemical  in  the 
atmosphere. 
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